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J~u~ 14, 1997

Richard Woodard
Department of Water Resources
Local Assistance
PO Box 94~836
Sacramento, CA 94236-0001

Dear Rick:

I understand that the Bay Delta Process is beginning to consider water quality issues other
than salinity. Since this is an area that I have been involved in since 1989 when I returned to
California, I would like to be placed on the mailing list to receive announcements of the various
committees meetings and minutes that your group has in connection with water quality issues in
the Delta that are going to be addressed as part of Prop. 204., etc. One of my clients that caused
me to move back to California in 1989 was Delta Wetlands, where I reviewed the potential water
quality that would develop in several water supply reservoirs that that firm proposed to construct
on Delta islands. At that time I became familiar with the water quality database on the Delta and
its tributaries. Since then I have continued to review the data as it became available and have been
active in a number of areas designed to try to get more appropriate review of Delta water quality
issues than has been done in the past.

Several years ago I was asked by the University of California, Water Resources Center to
develop a review on water supply source water quality issues as it relates to Delta water quality.
This review included a review "Regulating Drinking Water Quality at the Source," Proc.
University_ of California Water Resources Center Conference: Protecting Water Supply Water
_Ouali _ty at the Source, Sacramento, CA, 39pp, April (1991). Part of this paper has been published
in the conference proceedings as: Lee, G.F. and Jones, R.A., "Managing Delta Algal Related
Drinking Water Quality: Tastes and Odors and THM Precursors," pp. 105-121, April (1991).
As part of developing this review I updated my review of the Delta water quality issues pointing
out a number of areas that are only now beginning to be addressed as needing attention.

Also as part of the CA/NV American Water Works Section activities, I developed a review
of the Section’s Source Water Quality Committee, "Impact of the Current California Drought on
Source Water Supply Water Quality," Presented at CA/NV AWWA Fall Conference, Anaheim,
CA 30pp, October (1991). This review pointed to the importance of Delta water quality in
influencing the use of the Delta as a domestic water supply source.

As part of the Sacramento River Watershed Toxics Control Program that was initiated
about one year ago, I have tried to get this program to consider Delta water quality issues and
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developed a write-up discussing the importance of properly addressing these issues in evaluating
the impact of constituent discharges/runoff to the Sacramento River system on "downstream"
water quality. I was only partially successful in achieving this approach. Quite possibly the work
that is now being done within your group would address the issues that from my perspective need
to be addressed to properly manage water quality in the Delta.

Since last sununer, I have been working to get the DeltaKeeper involved in real water
quality issues and have obtained an expression of interest to conduct toxicity monitoring studies
in the Delta to examine the aquatic life toxicity that occurs in various parts of the Delta at various
times of the year. While previous studies have demonstrated that there are potential problems due
to organoph~as-phorus pesticides causing aquatic life toxicity in the Delta, these studies have not
continued to be carried out due to restrictions in funding.

The DeltaKeeper studies parallel similar studies that I am conducting in Orange County
with respect to Upper Newport Bay water quality in which, as planned now, we will not only be
assessing the amount of toxicity to determine its significance to the beneficial uses of Upper
Newport Bay and the Delta, but also to determining the origin of the constituents responsible.
In the case of Upper Newport Bay, the sampling that we have done this past fall has shown that
there are four pesticides in stormwater runoff to the Bay which are causing high levels of aquatic
life toxicity in the runoff waters, three of which are derived primarily from structural pest control
and the fourth from agricultural use.

Our studies in Newport Bay are being conducted as part of a new approach that we have
developed on evaluating water quality use impairments. This approach, what we call Evaluation
Monitoring, focuses the monitoring resources on assessing water quality use impairments of the
receiving waters rather than measuring a suite of chemical constituents and then trying to in some
way extrapolate to use impairments. By use impairments, we mean aquatic life toxicity as
opposed to the measurement of potentially toxic chemicals. Similarly, rather than trying to
estimate bioaccumulation based on the concentrations of constituents that are potentially
bioaccumulatable, Evaluation Monitoring measures actual bioaccumulation directly through an
analysis of fish tissue and then determines the _source of the constituents responsible for the
bioaccumulation if a problem is found. Enclosed is a write-up that I have developed on this topic
that summarizes the key components.

The Evaluation Monitoring approach should be used as part of defining the real water
quality use impairments that are occurring in the Delta and downstream users of the Delta waters,
the cause of the use impairments, and through forensic analysis, the source of the constituents
responsible for the use impairments. As organized through my efforts, the Evaluation Monitoring
approach is a true watershed based water quality evaluation and management program. In Orange
County, the Santa Ana Regional Water Quality Control Board, Orange County Environmental
Management Agency, the Transportation Corridor Agency, the Department of Fish and Game,
Orange County Water District, and a number of other stakeholders in Upper Newport Bay and
Santa Am river water quality are participants in the Evaluation Monitoring program. I am
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providing technical leadership for about a $200,000 two-year demonstration project designed to
show that alternative approaches for monitoring and management of water quality can, in fact, be
readily implemented which define and manage real water quality issues in a technically valid, cost-
effective manner.

To the extent that there is interest, I would be happy to devote time and expertise to
addressing these issues in Delta water quality where I would provide leadership in working with
others to implement an Evaluation Monitoring approach for the Delta where a true watershed
water quality management program would be developed and implemented to enhance Delta water
quality. I _appreciate that many of these issues are already being addressed, however, I also
understand that there are some areas that are not being adequately addressed especially as they
related to impacts of constituents in Delta waters on aquatic life related beneficial uses of the
Delta.

For your information, I wish to bring to your attention that I have established a Web Site
(http://members.aol.corn/gfredlee/gfl.htm) in which I list Dr. Jones-Lee and my recent papers and
reports. We make a number of them available as downloadable fries.

Please put me on your committee/subcommittee mailing list to receive announcements of
future meetings, correspondence, meeting minutes, etc. Thanks for your assistance. Let me
know if I can be of help.

copy. to: L. Snow

GFL:djc
Enclosure
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/ gfredlee@aol.com, 06:59 PM 1115197, CALFED Activities 1
To: gfredlee@aol.com
From: rwoodard@ncal.net (Richard Woodard)
Subject: CALFED Activities
Cc:
Bcc:
X-Attachments:

Fred: Just a note to acknowledge receipt of your January 14, 1997 correspondence to me.
Thank you for the enclosures. Perhaps CALFED may, in the future, be able to implement
some of your thoughts on how to perform impairment assessments. Your name was actually
added to our mailing list prior to our having received your correspondence. You should see
announcements soon for a public workshop on February 4 and a meeting of the Water Quality
Technical Group on February 14. Regards. Rick.

Printed for rwoodard@ncal.net (Richard Woodard) 1 ]
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Water Quality Evaluation and Management
Solid and Hazardous Waste Landfills

Dr. G. Fred Lee and Dr. Anne Jones-Lee have developed a Web Site: ..

http://members.aol.com/gfredlee/gfl.htm

in which they list some of their recent professional papers and reports devoted to public health
and environmental quality aspects of domestic water supply water quality, water and
wastewatert~eatment, water pollution control, and the evaluation and management of impacts
of sofid and hazardous waste. The major topic areas of this Web Site are:

.Landfills - Solid and Hazardous Waste Impact Evaluation and Management

¯ Water Quali~ Evaluation & Management for Wastewater Discharges and Stormwater Runoff

.Hazardous Chemical Impact- Superfund- Evaluation and Remediation/Management

C̄ontandnated Sediments - Aquafund - Water Quality Impact Evaluation and Management

D̄omestic Water Supply Water Quality - Watershed Management

.Reuse of Reclaimed Wastewaters for Groundwater Recharge and Shrubbery Irrigation

.Excessive Fertilization/Eutrophication of Lakes, Reservoirs, Estuaries, and Marine Waters

Īnformation on G. Fred Lee & Associates

Some of the papers and reports that they have developed are downloadable from this site. The
others are available from:

Dr. G. Fred Lee, PE, DEE
G. Fred Lee & Associates
27298 East El Macero Drive
E1 Macero, California 95618-1005
ph: (916) 753-9630
fx: (916) 753-9956
E-mail: gfredlee~aol.co~
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Evaluation Monitoring as an Alternative to
Conventional Stormwater Runoff Monitoring and BMP Development

G. Fred Lee and Anne Jones-Lee
G. Fred Lee & Associates                                      :.

There is growing agreement (Urbanos and Tomo, 1994; Herricks, 1995; Lee and Jones-
Lee, 1994, 1996a;) that conventional stormwater runoff monitoring for a suite of chemicals at the
storm sewer out-fall or edge-of-the-pavement is of limited value in defining real water quality
problems caused by chemicals in stormwater runoff. There is also increasing recognition that
conventio~iaI best management practices (BMPs) such as detention basins, filters, etc. are not real
BMPs for controlling water quality use impairments in waterbodies receiving urban area street and
highway stormwater runoff. An alternative monitoring and BMP developmem approach is
"Evaluation Monitoring."

Evaluation Monitoring assesses the impact of stormwater runoff-associated constituents
from a water quality use impairment perspective. Conventional monitoring develops chemical
data via edge-of-the-pavement sampling and tries, usually with little or no success, to extrapolate
to receiving water impacts. Evaluation Monitoring is a watershed-based water quality evaluation
and management program in which the stakeholders concerned about water quality in a particular
waterbody work together to define the water quality use impairments that are occurring in a
waterbody, the cause of the use impairments and develop control programs to limit the amounts
of the constituents responsible for the use impairments entering the waterbody of concern.

For example, many heavy metals and organics are of concern in urban area street and
highway stormwater runoff because of their potential toxicity to aquatic life. Conventional
stormwater runoff monitoring generates data that indicate that potentially significant elevated
concentrations of heavy metals are present in urban area street and highway runoff. However,
¯ the chemical data developed from such monitoring cannot be used to determine whether the
concentrations found in the runoff are in toxic, available forms and whether the toxicity associated
with these constituents will be present in the re~iving waters al; toxic levels for a sufficient time
to be significantly toxic to receiving water aquatic life.

Evaluation Monitoring measures the amount of toxicity in the stormwater runoff as it
enters the waterbody of concern using US EPA standard ambient water toxicity tests. Where
potentially significant toxicity is found in the runoff waters entering a waterbody, site-specific
studies are conducted to determine whether the toxicity in a stormwater runoff event is of
sufficient magnitude and duration to be potentially adverse to the receiving water aquatic life. If
such conditions are found, then through toxicity investigation evaluations (TIEs) the constituents
responsible for the toxicity are determined and through forensic studies the sources of these
constituents within the watershed are evaluated.

In the Evaluation Monitoring approach, rather than assuming that conventional BMPs,
such as detention basins and f’flters, are effective in controlling potential water quality use
impairments in the receiving waters for stormwater runoff, site-specific BMPs are developed to
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control real water quality use impairments to the maximum extent practicable (MEP). Typically,
these BMPs focus on source control that manages the input of the chemical species of concern
iasing BMPs to the MEP. These BMPs, in most cases, will be significantly different from the
conventional stormwater runoff BMPs used today since they will focus on dissolved,
toxic/available forms rather than particulate, non-toxic forms.

In order to manage water quality problems due to potential bioaccumulatable chemicals
such as the chlorinated hydrocarbons and mercury, the focus of Evaluation Monitoring is on
determining whether excessive concentrations of these chemicals are found in receiving water fish.
Fish tissue _anal. ysis is used to determine whether there is a water quality problem due to excessive
bioaccumulation. In contrast, conventional stormwater monitoring tries to extrapolate from the
constituents in stormwater runoff to tissue concentrations. This approach is normally of limited
reliability since there are a variety of factors that influence whether a chemical constituent in
runoff waters bioaccumulates to excessive levels in receiving water aquatic orgmisms. For
example, for mercury, the conventional monitoring approach extrapolates from stormwater runoff
mercury concentrations to receiving water concentrations of methylmercury which accumulates
in fish tissue to excessive levels. Such approaches have limited reliability because of the
complexity of the aqueous environmental chemistry of mercury.

Evaluation Monitoring is a cost-effective, technically valid approach for evaluating whether
both regulated heavy metals and organics as well as the unregulated constituents in urban area
street and highway stormwater runoff are adverse to the designated beneficial uses of the waters
receiving the runoff than the currently used conventional monitoring approach. The various
potential water quality use impairments of concern such as aquatic life toxicity, domestic water
supply, excessive hazardous chemical bioaccumulation, excessive fertilization, sanitary quality,
petroleum hydrocarbon - oil and grease, litter and excessive sediment accumulation or impacts are
evaluated in the Evaluation Monitoring program in terms of their significance, in impairing the
beneficial uses of the waterbody (Lee and Jones-Lee, 1996b,c).

Where significant receiving water beneficial use impairment occurs, the waterbody
stakeholders work together to define through_forensic analysis the sources of constituents
responsible for impairment and then develop control programs to control the impairment to the
MEP. A three-year demonstration project is currently underway in Orange County, California
devoted to the implementation of Evaluation Monitoring for stormwater runoff water quality
management for Upper Newport Bay. This program is being conducted in cooperation with the
Orange County Environmental Management Agency and the Santa Arm Regional Water Quality        -
Control Board as well as other stakeholders within the Upper Newport Bay watershed.
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Water Column and Sediment Toxics Assessment and Management Issues
f~r ~e Sacramento l~ver Watershed

G. Fred Lee, PhD, DEE Anne Jones-Lee, PhD
G. Fred Lee & Associates

El Macero, CA
Ph 916 753-9630
Fx 916 753-9956

Em gfrediee@wl.com

A brief review of some of the issues that should be considered in developing a water
quality/sediment quality management program for "toxics" in the Sacramento River watershed
is presented below.

Reliability of Chemically-Based Aquatic Toxicity Estimates

¯ The exceedance of chemical-specific, including site-specific, water quality
criteria/standards for potentially toxic chemicals is not reliable for estimating aquatic life toxicity
due to the chemical.

¯    Aquatic life toxicity and excessive bioaccumulation cannot be reliably assessed by
measuring the concentrations of chemical constituents in water. At best, chemical concentrations
can only be used to indicate that certain regulated chemicals are present in a water at
concentrations that under worst-case conditions would be toxic to some forms of aquatic life in
some waterbodies.

Chemical approaches for estimating aquatic life toxicity do not address:

- the toxicity or bioaccumulation of unregulated chemicals and combinations of
chemicals,

- the aqueous environmental chemistry of potentially toxic chemicals that detoxifies
chemical constituents in the Sacramento River system.

In addition to the attached paper, "Evaluation of the Water Quality Significance of the
Chemical Constituents in Aquatic Systems: Coupling Sediment Quality Evaluation Results to
Significant Water Quality Impacts," Lee and Jones-Lee (1995a, 1996a) "Appropriate Use of
Numeric Chemical Concentration-Based Water Quality Criteria" and Lee and Jones-Lee (1993a)
"Sediment Quality Criteria: Numeric Chemical- vs. Biological-Effects-Based Approaches"
provide additional information on the unreliability of chemically-based approaches for estimating
toxicity in waters and sediments.
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Assessment of Aquatic Life Toxicity

¯    Toxicity should be assessed by using several sensitive forms of aquatic life at sever~1_
times during the year. The spatial and temporal extent of toxicity should be assessed. The US
EPA procedures for assessing aquatic fife toxicity using fathead minnow larvae and
Ceriodaphnia (US EPA, 1994) should be used. While the Agency also has a method for
estimating the toxicity of constituents in a water to algae, that method does not yield
interpretable results that can be used in a toxics management program. Lee and Jones-Lee
(1996b) have discussed the inadequacies of that method.

Regulatory Requirements

¯    The current Central Valley Regional Water Quality Control Board Basin Plan
(CVRWQCB, 1994) requires

’All waters shall be maintained flee of toxic substances in concentrations that produce
detrimental physiological responses in human, plant, animal, or aquatic life. This
objective applies regardless of whether the toxicity is caused by a single substance or the
interactive effect of multiple si~bstances. Compliance with this objective will be
determined by analyses of indicator organisms, species diversity, population density,
growth anomalies, and biotoxiciry tests of appropriate duration or other methods as
specified by the Regional Water Board."

¯    California Department of Health Services (DHS) issues Fish Consumption Advisories for
fish and other aquatic fife that are judged to have excessive concentrations of ha~..~,ous
chemicals.

o. The US EPA and DHS have established drinking water standards (maximum contaminant
levels) for potentially hazardous chemicals in domestic water supplies provided to a consumer.

¯    The US EPA has developed water quality criteria COS EPA, 1987, 1995) and is
developing water quality standards for regulated chemicals that are potentially toxic to aquatic
fife and/or tend to bioaccumulate to excessive levels in higher trophic level organisms used as
food. The Water Resources Control Board (WRCB) is developing updated water quality
objectives for the state’s waters that are designed to protect aquatic life from excessive
concentrations of some r~mlated chemicals that are of concern because of potential aquatic fife
toxicity or bioaccumulation.

The US EPA water quality criteria and state standards based on these criteria are at this
time to be implemented under the Agency’s Independent Applicability Policy as stand-alone
standards that require compliance in ambient waters beyond the edge of any allowed mixing
zone. The US EPA’s Independent Applicability Policy is not technically valid (Lee and Jones-
Lee, 199513) and leads to significant over-regulation of chemical constituents in aquatic systems.
The US EPA (1996) has announced that it is reviewing the Independent Applicability Policy and

2

D--0441 50
D-0441,50



could change it so that appropriately d~eloped toxicity information is not subordinate to
chemical measurements of potentially toxic chemical concentration-based estimates of aquatic
life toxicity information.

Cal EPA Comparative Risk Project

In 1994 the Cafifomia Environmental Protection Agency Comparative Risk Project
released a report (California Comparative Risk Project, 1994) that represented the synthesis of
a multi-year, comprehensive, in-depth review of the environmental chemicals and constituents¯
that represent significant human health risks through the atmosphere, drinking water, contact
with soils, etc. Several chemicals and pathogenic organisms present in the Sacramento River
system were found to represent significant public health threats to the use of these waters for
domestic water supply and/or contact recreation. Specific mention of the findings of the Cat
EPA Comparative Risk Project results are included in the discussion of the specific toxicants
addressed in this report.

Assessing the Water Quafity Significance of Aquatic Life Toxicity

¯    It is inappropriate to assume that a toxic response measured in a laboratory test is of
water quality significance in the Sacramento River system.

The determination of the water quality significance of measured aquatic life toxicity
should be evaluated by an expert panel using a non-numeric best professional judgement (BPD
weight-of-evidence approach. In order to be of water quality-use impairment significance, the
toxicity must be of sufficient persistence and extent to significantly adversely impact the
numbers, types and characteristics of desirable forms of aquatic life of concern to the public.

¯    If potentially significant aquatic fife toxicity is found in a region, then aquatic organism
assemblage studies should be conducted over a least one year, in the fall and spring, to
determine if the numbers, types and characteristics of desirable forms of aquatic fife are
adversely impacted in the region where toxicity is found.

Assessing Excessive Bioaccumulation

¯    The assessment of excessive bioaccumulation of potentially hazardous chemicals such as
mercury, chlorinated hydrocarbon pesticides, PCB’s, dioxins and other chemicals must be based
on measurement of excessive concentrations in aquatic organism edible tissue that cause a
perceived human health hazard when the organism is used as food. Also, as wildlife-based
water quality criteria are developed, the presence of excessive concentrations in the whole
organism should be .assessed relative to these criteria if the organisms that the criteria are
designed to protect are present in the watershed and use the organisms of concern as food.

¯    It should not be assumed that all forms of a potentially bioaccumulatable chemical such
as mercury from a particular area in a form or will be converted into a chemical form that is
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bioaccumulatable. The control of a potential source of a bioaccumulatable chemical should be
based on the finding that that source is a source of available forms of the chemical that actually
accumulates in aquatic organisms to cause a health hazard.

Base Watershed-Based Water Quality Evaluation
and Management Programs on Good Science and Engineering

¯    The aqueous environmental chemistry and toxicology of chemical constituents of potential
concern due to toxicity or bioaccumulation should be appropriately incorporated into a water
quality/sediment quality evaluation in order to avoid over-regulation and the waste of public
funds in unnecessary treatment/control programs beyond that needed to protect the designated
beneficial-uses of the Sacramento River and downstream waters. Additional information on
incorporation of aquatic chemistry and aquatic toxicology into a watershed-based water quality
management program is provided by Lee and Iones-Lee (1996c) "Aquatic Chemistry/Toxicology
in Watershed-Based Water Quality Management Programs." Also as they discuss, it is impor~.mt
to consider both nearfield (near the point of discharge-runoff) and farfield (downgradient)
impacts of chemical constituents on water quality within a watershed.

Technically Valid Approach for DeveIoping
Toxics Control in the Sacramento Pdver Watershed

¯    The focus of the Sacramento River Toxics Management Program should be on toxicity,
not chemical constituents, that under worst-case conditions axe toxic to some forms of aquatic
life in some waterbodies.

¯    Since the funds available for the monitoring part of the SRWTCP are limited, it is
essential that first priority be given to finding real, significant toxicity and bioaccumulation
problems in the Sacramento River watershed. Focusing the SRWTCP monitoring on continued
measurement of heavy metals, pesticides and/or other organics provides more data of the type
that already exists which show that there are some exceedances of overly protective water quality
criteria~standards (objectives). However, no information is provided in this type of monitoring
program on whether these exceedances represent real, significant aquatic life toxicity.

Further, chemical measurements divert funds needed to assess whether real water quality
problems-use impairments exist in the Sacramento River watershed. This diversion of funds
could jeopardiz~ the success of the SRWTCP in developing the information needed to manage
real toxics problems in the watershed.

¯    The SRWTCP monitoring should first be focused on screening the Sacramento Rivex and
its tributaries for aquatic life toxicity and excessive bioaccumulation. Where toxicity and/or
excessive bioaccumulation is found, efforts should be devoted to assessing whether the toxicity
and/or bioaccumulation is a significant cause of water quality-use impairment.
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The SRWTCP should adopt an "evaluation monitoring" approach of the type described
by Lee and lones-Lee (1996d) which focuses on finding real water quality problems due to
toxics in the Sacramento River ~ed and/or downstream, identifying their cause,
determining the source of the constituents that cause the problems and developing control
programs that focus on source control.

Since chemical measurements are unreliable for real water quality problem identification,
they should only be used to evaluate the potential cause of measured toxicity as pa~t of a TIE.

¯    The analytical methods that should be used for toxicity as well as chemical measurements
are, in general, the US EPA standard methods. All sampling and measurement methods should
use "clean. ~teclmiques" of the type recommended by the US EPA (US EPA, 1993). For
potentially toxic and bioaccumulatabl¢ chemicals, the analytical method used must be able to
reliably measure the concentration of the chemical of concern at least 9.5 times the US EPA
"Gold Book" (198~) or US EPA updated criterion values for metals (1995).

Heavy Metals

¯    Some parts of the Sacramento River wa~zshed a~ experiencing water quality problems
due to heavy metals. This is of particular importance in areas of acid mine drainage.
Potentially toxic heavy metals such as Cu, Zn, Cd, Ni and Cr should be regulam:l based on toxic
forms in the ambient waters and sediments. These forms can not be estimated by chemical
measurements. Generally, even properly measured dissolved forms over-estimate the toxic
forms of the metal.

Not only must the toxicity of the metal be measured in the discharge and at the point of
discharge in the receiving waters, also toxicity measurements must be made downstream of the
discharge to be certain that the non-toxic forms do not convert to toxic forms to cause toxicity.
Of particular importanc~ is that some regulatory agencies (CVRWQCB) allow the discharge of
Cr(lIO at 50 ~g/L when the US EPA’s revised ambient water toxicity-based limit for Cr(V1) is
10 ~g/L. Cr(In) is well-known to convert to Cr(VI) under conditions that exist in surfa~
waters. This problem is of particular concern in the waterbodies where the flow in the receiving
water for wastewater discharges is primarily the wastewater discharge.

¯    Mercury and selenium are regulated based on their potential to bioaccumulate in higher
trophic level organisms that represent threats to higher trophic level organisms that use lower
trophic levels as food.

¯    Mercury is the cause of significant water quality problems within and downstream of the
Sacramento River system. Mercury present in the Sacramento River system is derived from
mercury mining wastes, the use of mercury in previous gold recovery operations and domestic
wastewaters as well as other sources. Most of the sources of mercury in domestic wastewaters
are unknown at this time. It is important that the source(s) of the mercury that bioaccumulates
in organisms in various parts of the watershed and downstream become better understood.
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Mercury should be regulated based on measurements of methylmercury since this is the
bioaccumulatable form. The regulation of mercury inputs to a waterbody should be based on
regulating those forms of mercury that convert to methylmercury in a wateabody that is
experiencing or could experience bioaccumulation to a sufficient extent to be hazardous to the
public who consume fish from the waterbody.

¯    Selenium is of concern because of bioaccumulation that is adverse to waterfowl
reproduction. While this lxoblem has been found in San loaquin Valley wetlands, it is also of
potential concern in the San Francisco Bay ar~a due to wastewater discharges of selenium.
There is need to evaluate whether selenium is a cause of water quality problems in the
Sacramento River system.

¯    At this time arsenic is not considered a significant cause of water quality problems in the
Sacramento River system. However, there is growing understanding that arsenic is a potentially
significant carcinogen in domestic water supplies. The Cal EPA Comparative Risk Project
ranked arsenic as a potentially highly ~significant carcinogen in the state’swaters (California
Comparative Risk Project, 1994). The US HPA has proposed to reduce the acceptable arsenic
concentrations in domestic water supplies to 20, 2, or 0.2/~g/L. Adopting one of the lower
proposed regulatory levels would cause some of the surface and groundwaters in the Sacramento
River system to be considered hazardous for use as a domestic water supply without treatment
for arsenic removal. The arsenic is derived from natural sources as well as the activities of
man. There is need to monitor arsenic concentrations in surface and groundwaters to about 1
/~g/L in anticipation of pending regulatory requirements.

Pesticides and Related Compounds

Pesticides, herbicides, fungicides and related chemicals (pesticides eta/.) are highly toxic
to some forms of life. While they are designed to be toxic to the specific target organism(s),
often their toxicity extends well beyond the target organisms that represent threats to agriculture,
commercial and industrial activities and residential areas. The Cal EPA Comparative Risk
Project (1994) ranked pesticides as a higMy significant threat to public health within the state.
Further, as discussed below, some pesticides are significant threats to aquatic life.

¯    Organophosphorus pesticides used by ~riculture and in urban areas cause significant
acute aquatic life toxicity in the Sacramento River watershed. The level and persistence of this
toxicity is such that it is in violation of the CVRWQCB (1994) Basin Plan requirements for the
control of aquatic life toxicity. There are, however, significant problems in regulating this
toxicity due to the fact that the regulatory agencies have not developed water quality criteria/
standards for several of the Imy compounds, such as diazinon, that cause this toxicity. Further,
agricultural discharge of pesticides and other chemicals, even though highly toxic or adverse to
water quality, is not subject to NPDES permit limitations.

There is need to better understand the water quality significance of the high levels of
organophosphorus pesticide-caused acute aquatic life toxicity that occurs in the Sacramento River
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¯    In addition, alga~ and other aquatic plants cause deteriorated water quality through
aesthetic impairment of recreation uses. This type of problem is becoming highly important in
the Delta due to aquatic weed growth.

¯    The algae and other plants that develop due to the discharged N & P compounds to the
Sacramento River and tributaries also contribute to domestic water supply water quality
deterioration through causing taste and odors, shortened filter runs and, most importantly,
contributing to the trihalomethane (THM) precursors. THM’s are the result of chlorination of
water supplies where the chlorine reacts with dissolved organic carbon (DOC) (THM precursors)
derived from terrestrial and aquatic plants that are present in irrigation drainage and runoff
waters, urban area stormwater runoff and domestic and industrial wastewater discharges.

THM’s ar~ of public health concern because they are regulated as human carcinogens.
An MCL of I00/~g/L was established for the total THM’s which attempted to balance the early
1980 perceived cancer risk associated with consumption of THM’s (chloroform and other ~
chemicals) and the health risks associated with inadequate disinfection of water supplies. This
approach leads to a relatively high cancer risk (about one cancer in 10,000 people) for waters
that meet the THM limit compared to the normal cancer risk that is considered acceptable in
domestic water supplies today of one additional cancer in one million people who consume the
THM-containing water over their lifetime. The Cal EPA Comparative Risk Project (1994)
ranked THM’s as one of the potentially significant causes of cancer in California.

The US EPA will soon revise downward the THM drinking water standard and will
release several new MCL’s for newly recognized THM’s. The Agency will also soon require
that dissolved organic carbon (DOC) in a domestic water supply be controlled to reduce the
THM content of treated drinking water. This is prompting the mmmination of DOC sources
within the Sacramento River system as precursors to carcinogens that are produced in domestic
water supplies that use the Sacramento River system waters as a source of domestic water
supply. There are about 20 million people in the state of California who use thes~ waters for
domestic water supply purposes.

Lee and Jones (1991a,b) have discussed the algal nutrient-domestic water supply water
quality issues in the Delta. They report that sigt[ifi_" cant water quality problems are occurring that
are due to the discharge of THM precursors and aquatic plant nutrients to the Sacramento-San
loaquin River systems. There is need to better understand the sources of DOC and aquatic plant
nutrients that lead to increased THM’s in domestic water supplies in the Sacramento River
system and downstream.

While not practiced in the Sacramento River system, there are about 50 million people
in the US and other countries who treat their domestic wastewaters for control of nitrogen and/or
phosphorus compounds for the purpose of reducing algal growth in the receiving waters for the
wastewater discharges. Further, there are some areas, such as the Chesapeake Bay region of
the East Coast and the Great Lakes region, where agricultural activities are being significantly
modified to control nutrient runoff from agricultural lands. Since ~uatic plant nutrients

9

D--0441 55
D-0441,5,5



contributed to the Sacramento River system are a highly significant cause of water quality
problems (toxicity to humans and aquatic life) within the system and downstream, there is need
to critically examine whether wastewater dischargers and agricultural activities should i~
required to control nitrogen and phosphorus compounds in their discharges-runoff waters in
order to reduce the toxicity caused by these chemicals.

Therefore, the fertilizers used on land that result in runoff that contains increased DOC
as well as nutrients (N & P) present in rural, agricultural and urban stormwater runoff, drainage
and wastewater discharges in the Sacramento River watershed lead to "toxicity" to humans
through production of potential carcinogens (THM’s). In addition, as discussed by Lee and
Jones-Lee (1996e) the growth and death of algae and other plants lead to low dissolved oxygen
and the associated H2S and NH~ in the Sacramento River system and downstream sediments.
The N & P derived toxicity causes sediment toxicity in many parts of the Sacramento River
watershed and downstream, such as in the Delta and San Francisco Bay. The water quality
significance of this toxicity is not understood at this time.

Pathogenic Organisms

¯    The SRWTCP stakeholders have-defined "toxicants" as any constituent that is adverse
to public health and the environment. This definition includes pathogens that impact the sanitary
quality of water for use in domestic water supplies and for contact recreation. The Cal EPA
Comparative Risk Project (1994) concluded that wateabome pathogens were a significant threat
to public health within the state through domestic water supplies and possibly through contact
recreation.

During the summer of 1995 the Santa Monica Bay Restoration Project (1996) conducted
a study of the public health hazards associated with contact recreation in the beachwaters of
Santa Monica Bay near storm sewer discharges. The concern was the presence of human
pathogens that are present in the dry weather flow that occurs in these storm sewers. They
found a significant correlation between various types of diseases and contact recreation in close
proximity to the storm sewer discharges. These findings are part of the growing recognition that
people are becoming ill due to contact recreation in surface waters.

Lee and ]’ones-Lee (1993b, 1994a, 1995c,d) have reviewed the public health significance
of bacteria, enterovirus~ and cyst-forming protozoans as a cause of human disease through
water supplies and contact recreation. The 1993 Milwaukee Cryptosporidium incident in which
400,000 people became ill and about 100 people died due to Cryptosporidium that passed through
conventional domestic water supply treatment has prompted widespread review and investigation
of wateaborne pathogens in surface wa~rs that a~ a threat to domestic water supplies and those
who contact recreate in these waters.

In addition to domestic wastewaters being a source of these pathogenic organisms, certain
agricultural and animal husbandry activities, such as dairies and feedlots, contribute
~ptospo~diwn to surface waters.
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At this time, the sources, occurrence and water quality significance of wamrbome
pathogens in the Sacramento River wamrshed am poorly understood. This is an area that needs
attention as part of the SRWTCP. There is need to expand the sanitazy quality monitoring
program to include more comprehensive coverage of domestic water supply watersheds, contact
recreation areas and public health risk of contact recreation in the Sacramento River system.
The sanilm’y quality monitoring program should inciude total and fecal coliforms, E. coli, fecal
streptococcus, enteroviruses-bacteriophages, Cryptosporidium and Giardia at quarterly intervals
during the fall, winter and spring and monthly during the contact recreation period, principally
late spring, summer and early fall.

Groundwater Quality Protection

While surface water toxicity is the focus of the SRWTCP, because of the importance and
intercoupIing of surface and groundwaters in the watershed, it is important to protect the quality
of groundwater resources in the Sacramento River system.

¯    At this time, groundwaters are not being protected from pollution by hazardous and
deleterious chemicals present in solid wastes that are managed by landfflling. While current
regulatory requirements prohibit groundwater pollution by landfills, inactive and active municipal
and industrial landfills and other waste disposal areas are polluting groundwaters with leachate
that contains highly hazardous and dcieterious chemicals that render the groundwater near these
waste disposal areas unusable for domestic water supply purposes. Further, landfills are being
permitted today that will, at best, only delay when groundwater pollution occurs. There is
inadequate enforcement of current WRCB Chapter 15 regulatory requirements which require that
landfills be designed, constructed, operated, closed and maintained during the post-closure period
so that no pollution of groundwaters occurs for as long as the wastes in the landfill are threat.
There is need to improve the implementation of current regulatory requirements.

Widespread pollution of groundwaters has occurred and is occurring by nitrogen
fertilizers (nitrate) typically applied as ammonia, possibly by pesticides and other hazardous
chemicals associated with agricultural activities. The current regulatory requirements are highly
ineffective in preventing the pollution of groundwaters by agricultural activities. There is need
to require that all users of nitrogen fertilizers and other agricultural chemicals monitor the
groundwaters that could be impacted by f~r-chemical applications to detect potential
groundwater pollution before widespread pollution occurs.

While there is limited opportunity to develop additional surface water supplies within the
state to meet ever-increasing water supply needs for communities, agriculture, recreation and
fish and aquatic life, the future development of water supplies in the stare will be directly
dependent on enhancing the use of the State’s groundwaters and groundwater aquifer system.
It is essential to furore generations’ water supply that the widespread, current groundwater
pollution that is being allowed to occur through inadequate implementation of current regulations
and through inadequate regulations be controlled. Lee and Jones-Lee (1994b) have reviewed the
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issues of groundwater pollution within the state and have recommended procedures that could,
if implemented, begin to effectively address them.

Because of the highly significant threat that the agricultural use of fertilizers and oth..er
chemicals represent to public health through pollution of groundwaters and the importance of
the groundwaters in the Sacdamento River system to the region and the state, regulatory
programs should be developed and, most imlxnlanfly, be implemented and enforced to stop
further groundwater pollution from all sources. Particular attention should be given to
controlling agricultural activities, and municipal and industrial solid and liquid waste disposal
practices that lead to groundwater pollution. Failure to develop and implement these programs
will result in continued groundwater pollution in the Sacramento River system. This will be
significant to the surface water resou~ of the system since there will be less groundwaters
available for use within the watershed and in other parts of the state.

Additional Information

Additional information on these issues as applied to the Sacramento River system is
available upon request.
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Abstract

Cm’mnt "water quality" monitoring of non-point source runoff typically
involves p~riodically measuring a laundry list of chemicals in the runoff water’s.
This approach, while satisfying z~guiatory requirements, provides little to no
useful information on the impact of the chemicals in the runoff on the real water
quality - designated beneficial uses of the rex~ving waters for the runoff. There
is need to focus water quaIity monitoring on investigating the receiving waters in
order to assess whether the chemicals in the runoff ar~ adversely affecting
beneficial uses. This pape~ presents an evaluation monitoring aFproach for
monitoring receiving waters that determines whether the runoff is a significant
cause of water quality - use impairments. For each type of use impairment, such
as aquatic lff-� toxicity, excessive bioacenmulation of hazardous chemicals,
excessive fexlilization, etc., highly focused site-specifi~ studies are conducted to
detexmine the use impairment that is likely occurring due to a stormwater runoff
event(s) and the specific cause of this impairment.

There is growing recognition that domestic and industrial wastewater and
stormwater runoff "water quality" monitoring involving the measurement of a
suite of chemical "pollutant" parameters in discharge/runoff waters is largely a
waste of money. For stormwater runoff, such programs generate more data of
the type that have been available since the 1960’s on the chemical characteristics
of urban area, highway and street runoff. It has been known since that time that
runoff from these areas contains a variety of regulated chemical constituents and

~President and Vice-President, respectively, G. Fred Lee & Associates, 27298
E. El Macero Drive, El Macero, CA 95618-1005. Ph: 918-753-9630; Fx: 916-
753-9956.
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waterborne pathogenic organism indicators that exceed water quality standards at
the point of runoff discharge to the receiving watt. However, discharge
monitoring provides IittIe to no useful information on the impacts of the
apparently excessive regulated chemicals and unregulat~ chemicals in the
discharge on receiving water water quality = designated use impairment. As
discussed by Lee and/ones (I991) and Lee and ~Iones-Lee (1994a, 1995a,b),
many of the chemical constituents in urban stormwater runoff are in particulate,
non-toxic, non-available forms. Fm’a~, the short-term episodic nature of
stormwater runoff events means that significent exceedance of US EPA wa~

receiving waters for the runoff without adversely impacting n~:elving water
beneficial uses. These issues have recently been reviewed by Lee and !ones-Lee
(1995c,d).

The failure of the US EPA and th~ states to properly assess real water
quality us~ impa~ent associated with storrnwater runoff from urban areas and
highways has resulted in highly unreliable reporting of water qua/ity problems in
the nation’s waters due to urban stormwater runoff (Lee and !ones-Lee, 1994b).
Further discussion of the significant over-regulation that is occurring today in
implementing water quality standards into permit discharge loads is provided by
Lee and/ones-Lee (1995a, e).

In 1994, the Engineering Foundation held a Stormwater Quality Monitoring
Conference to discuss current problems with conducting technically valid, cost-
effective monitoring of urban stormwater runoff water quality. There was general
consensus at that conference that a significantly different approach needs to be
taken in monitoring stormwater runoff events from urban areas, highways, stn~ts
and industrial areas (Tome, 1994). While not addressed at that confe~’ence, the
same situation applies to runoff from agricultural and rural lands.. Additional
information on why there is need for a diffezent approach for assessing the water
quality impacts of stormwater runoff as we.H as developing management
approaches for chemical constituents in this runoff is provided in the Sto~r
Runoff and Recelvine Systems: Impact. Monitorinm and Assessment confenmce
proceedings (I-Ierricks, 1995).

The basic problem is that so little is known about the real adverse impacts
of urban area and highway/street runoff that it is not poss~le to develop an
appropriate runoff water quality monitoring program based on the measurement
of water quality char~tedstics at the point of discharge of the runoff into the
receiving waters. In order to develop a program of this type, it is essential that
a well-defined, site-specific understanding of the relationship between
concentrations of constituents measured in the runoff waters and the site-specific
water quality impacts that these constituents have on the designated beneficial uses
of the receiving waters for the runoff be developed.
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Technically valid, cost-effe~ive s~rmwater runoff monitoring programs
should focus on monitoring those constituents in the runoff that cause significant
water quality use impairments in the receiving waters for the runoff. The first
step to developing a technically valid stormwater runoff water quality monitoring
program is the evaluation of the water quality impacts caused by the constituents
in the runoff that adversely impact receiving water quality. Monitoring programs
that fail to focus on water quality problem issues fail to provide the information
needed to e~’ectively manage stormwater runoff quality.

- - In an effort to address the problems with current stormwater runoff water
quality monitoring programs, the authors have developed what they term
"evaination monitoring." Evaluation monitoring focuses on highly selective, site-
specific evaluation of the potential for chemical constituents and pathogenic
organisms in the runoff waters to cause site-specific use impairments of the
receiving waters for the runoff.

Principles of Evaluation Monitoring

The basic approach used in evaluation monitoring of stormwater runoff
impacts is the determination of whether the chemical and other constituents in the
runoff waters, either alone or in combination with other constituents in the
receiving waters for the runoff, cause a significant adverse impact on the
designated beneficial uses of these waters to require constituent control, including
possibly treatment of chemical constituents in the runoff waters, to eliminate the
impact. The initial focus of evaluation monitoring is not the traditional approach
of measuring the concentrations of specific constituents in the runoff waters but
is water quality - use impairment. For example, a number of the chemical
constituents in highway/street and urban area runoff waters are of concern
because of their potential toxicity to aquatic life in the receiving waters which
could significantly alter the numbers, types and characteristics of desirable forms
of aquatic life in these waters. In evaluation monitoring, rather than trying to
estimate toxicity from chemical constituent concentrations, toxicity of the
receiving waters is measured directly. Tqxic effects of concern include acute and
chronic toxicity which is manifested in death, impalx~ growth and impaired
reproduction.

In addition to the classical toxic effects associated with chemical constituent
impacts on aquatic life, there is also concern about chemicals and pathogenic _
organisms that cause adverse impacts on aquatic fife through the growth of
tumors, organ disfimction - lesions, et~. While the classical toxk: effe~ of heavy
metals, etc. are usually manifested in a few days to a few weeks during sensitive
fife stages of the organism, the carcinogenic, teratogenic and mutagenic impacts
on aquatic organisms typically talm longer periods of time to develop.
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Another potential water quality problem associated with highwaylstreet and
urban area runoff is the potential for chemical constituents in this runoff to
accumulate within edible organism tissue to sufficient concentrations to be a
health hazard to those who consume the organisms as food, i.e. cause the
organisms to receive a human health advisory. Also of concern is the
accumulation of chemical constituents in aquatic Hfe to a sufficient e~mt to be
adverse to higher trophic level organisms such as t’~h-eating birds and other
wildlife.

-.-Other water quality problems of concern associated with stormwamr runoff
include excessive fertilization of the receiving waters for the runoff which impairs
the us~ of the waterbody for recreation and domestic wamr supply purposes.
Also of concern is the presence of waterborne pathogenic organisms that can
impact the sanitary quality of the receiving waters through impaired contact
recreation (beach closings) and shellfish harvesting. Further, fitter in
highway/street and urban artm runoff can impair recreational use of receiving
waters. Page fimitations on this-paper preciude the presentation of detailed
discussions of approaches for implementing e, oluation monitoring.

The authors have developed an application of this approach for the
development of the Eastern Transportation Corridor (ETC) which is a new toll
road that is c~tly under construction located in Orang~ County, California.
This approach is being used to develop technically valid, cost-effective
stormwamr runoff BMP’s for this highway.

Evaluation Monitorin_~ vs. Mechanical Monitoring of Receiving Waters

The traditional approach frequently used in ambient water water quality
studies is to develop a sampling program where certain physical, chemical and
biological parameters are mechanically sampled and analyzed for an arbitrarily
developed period of time, usually one year. At the end of this time, attempts are
made to try to discern from the data collected water quality impacts of certain
discharges - runoff to the waterbody. Often studies of this type yield inconclusive
results as a result of there being an insufficient number of samples taken and
insufficient number of analyses made of the key parameters at appropfiam times
to reflect true watea- quality impacts of the renoff.

Lce and lones (1983) have disaussed the importance of not following the
traditional apprmdt of passively examining the data collected in the water quality
monitoring program af~ collection for information on water quality impacts.
This "passive" approach toward data review, while easily administered and
carried out, frequently fails to provide key information on impacts during critical
periods of the year at times when the ptinmy water quality impacts occur. They
recommend that "active" water quality monitoring programs be conducted where
data analysis proceeds at the time of data collection in which the results of the
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recent sampling and analyses are used to determine the adjustments in the study
program that m~l to be made as the study program is being carried out to utilize
the funds available for the study in the most cost-effective, technically valid
manner. The adoption of the evaluation monitoring approach described herein
focuses the resources available on defining major real watex quality impacts
during the time and under the conditions where and when the impacts am most

It is now widely recognized that the monitoring of stormwater nmoff from
highway/street, urban areas, industrial properties and nn’al au~ involving
measurement of a concentration of a few chemical parameters in a few nmoff
events each year is largely a waste of money. There is general agreement that
there is need to shift the monitoring to evaluation of impacts of stormwater runoff
in the receiving waters for the runoff. The focus of the monitoring program
should be devoted to biological effects-based parameters, such as aquatic life
toxicity and bioaccumulation, and water quality - use impairment, such as closure
of beaches and shellfish harvesting due to excessive coliform concentrations, etc.
The monitoring of specific chemical constituents in the receiving water’s water
column and sediments should only be undemlam if th~ effects-based paramet~’s,
such as toxicity, show that the receiving waters for the stormwater runoff are
expe~encing significant impairment of the designated beneficial uses for these
waters.

When such impairments arc found, then site-specific studies directed toward
determining the cause of the impairment including the specific chemical forms or
organisms responsible for it, as well as the specific sources of those chemical
forms or organisms that cause the use impairment in the stormwater runoff should
be conducte~l. Best management prattles should be dev~oped to the maximum
¢xt~mt practicable to control ~ pollutant~ associated with stormwater runoff.
An evaluation monitoring program of the_ type described in this paper provides
the technical base of information necessary to develop technically valid, cost-
effective control of real water quality problems associated with urban and rural
stormwater runoff.

A~tditional Information

Cited in the text and listed in the references are a number of reports
developed by the authors which provide background information important to
developing valid evaluation monitoring programs. Copies of thv authors’ papers
and reports on this topic, including the specific application of evaluation
monitoring to the Eastern Transportation Corridor highway in Orange County,
California, axe available from them upon request.
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Assessing Water Quality Impacts Orange County Area Hlghway Stormwater Runoff

of Stormwater Runoff Chemical Charactedstlcs
Caltmns Distdot 8 & 12 (1994)

G Fred Lee, Ph.D., P.E. Parameter Datecttml ChapmanAve WalnutAve
¯ Units (I-5. PM34.7) (8R-55. PM14.2)

Anne Jones-Lee, Ph.D.
Total Suspended Solids    mg/i           85             100

G. Fred Lee & Associates Total Dissolved Solids mg/l 12 12
Chemical Oxygen Demand mg/I 42 24

El Macero, CA o, and Grease mg/t 5.3 2.5
Fecal Coflform ml <2/100 ~01100
pH unit 7,0 9,1

Invited Paper Presented at "North American Water & Total Residual Chlorine mg/I 0.45 <0.20
Environment Congress "96," American Society of Nitrate mg/I 0.43 0.37

Nitrite mg/1 0.061 0.042Civil Engineers, Anaheim, CA, June (1996) Ammonia mg/1 1.3 0.9
Total Kjeldahl Nitrogen mg/I 0.89 1.4
Total Phosphorus pg/I 120 130
Dissolved Phosphorus pg/l 130 120
Sodium /Jgii 3000 1500
Cadmium pg/I < 5 8
Copper /.,g/i 24 22
Lead pg/I 48 160 I~.Conventional Water Quality Monitoring - Chromium pg/I < 10 <10

Management Approach Zinc pg/I 180 140
"Compliance Monitoring" Iron pg/I 3400 3400

Nickel ~ pg/I <32 <32

¯ Monitor Concentrations of Selected Regulated Chemicals in Runoff      Magnesium          pg/!       1300         1300
Water

¯ Compare Monitoring Results to Accepted Discharge Umits and Management of I
¯ Ambient Water Quality Standards Urban and Highway Stormwater Runoff i~1

¯ If "Excessive" Concentrations (Loads) Found in Discharge, Reduce StormwaterRunoffNPDESPerndtHoMersRequ~edtoContr~Pollution-
Discharge of Chemical Constituents to Achieve Regulatory Use-Impairment in Receiving Wsters for Runoff to the Maximum Extent
Compliance with Water Quality Standards Practicable (MEP) through the Use of Best MarmgementPr~cttces (BMPs)

NPDES Stormwater-Permltted Discharges Must Meet Water Quality
Standards in Receiving W~ter= for the RunoffFocus of Conventional Approach Is Control of Chemicals in Discharge to However, Failure to Meet Standards Not Permit Violation

Achieve Allowed Concentrations (Loads)
Current Water Quality CdteriMStandards Not Appropriate for Regulating
Stormwater Runoff Water Quality

Conventional Chemical Approach Not Technically Valid for Stormwater Waste Public and Private FundsRunoff - Leads to Over-Regulation and Waste of Funds and/or Under-
Lead to Over-Regulation of P, tmoffRegulation of Unregulated Constituents Facts to Consider:

¯ Non-Toxlc, Unavailable Forms
¯ Umited Exposure of Aquatic Organisms in Receiving Waters Due

to Short-Term, Episodic Nature of Stormwater Discharges
Non-Protective - Under-Regulation
¯ Does Not Address Unregulated Chemicals, e.g., Dlazinon



Develop Alternative Approach for Assessing

Stormwatsr Runoff Management Issues Stormwater Runoff Impacts
and BMP Development

¯ Monitoring of Urban Area and Highway Stormweter Runoff Shows o,
Concentrations of Some Chemical Constituents above Water Quality Mechenical/Routine Monitoring of Receiving Waters for
Criteria/Standards Stormwater Runoff

Dces This "Excsedence" Lead to Pollution - Impairment of ¯ Very Expensive
Designated Beneficial Uses? ¯ Will Not Ukely Detect Stonnwater Runoff Impacts
Water Quality Criteria/Standards Are Overly-Protective Focus Stormwater Runoff Monitoring on Runoff Events

Do Not Properly Consider Aquatic Chemistry - Toxicology
(Duration of Exposure) Should Shift Monitoring to Receiving Waters for Runoff

Few Documented Cases of Real Water Quality Use-Impairment Evaluation Monitoring
Due to Urban Area and Highway Stormwater Runoff Focus Monitoring Funds on Finding Real Water-QualityJUse-

US EPA & Congress, as Pert of Reauthodzstion of Clean Water Impairments - Pollution - in Waters Receiving the Runoff, That

Act, Recognize Over-Protective Nature of Water Quality Are Caused by the Runoff

Criteria/Standards When Applied to Stormweter Runoff

Develop Wet-Weather StendardaiImplementation Approach
Exempt from Use-Attainment dudng Runoff Event Types of Potential Water Quality Impacts

¯ Conventional Stormweter BMPa Such as Detention Basins, Sand and Use-Impairment - Pollution
Other Rltere, Grassy Swale¯ Not Reliable for Control of Real Water
Quality Problems Due to Toxic¯, Nutrients, Pathogens, etc. ¯ Drinking Water Use-Impairment - Surface and Groundwater

¯ Aquatic Life Toxicity in Water Column and/or Sediments
Only Potentially Applicable to Control of Erosion - Silt

Not a Problem in Most Established Areas ¯ Excessive Bioaccumulatlon - Human Health &/or Wildlife
¯ Suspended Sediment - Turbidity - Siltation - Habitat Impacts

¯ High Cost to "Treat" Stormwater Runoff to Achieve Water Quality
Standards ¯ Exces~ve Fertilization/Eutrophication - Nutrients - N & P

¯ Pathogenic Organism Indicators ’~"
Cities, Highway Departments Have Limited Funds to Devote to . ,~.
Stormwatar Runoff Quality Management, ¯ Low Dissolved Oxygen

¯ Aesthetics - Utter, Debris, O11 Sheen, etc.¯ Must Use Funds Available to Control Real, Significant Water Quality
Use-Impairments of Importance to Public

¯ Current Stormwater Runoff Water Quality Monitoring Programs for
Urban Areas and Highways Involving Monitoring Runoff for Suite of Types of Potential Water OuaJity Impa~ts
Chemical Constituents Provides Little New Useful Information Use-Impairment - Pollution (continued)

Results Already Known from Past Monitoring of Similar Areas Questions That Should Be Addressed
Provides No Information on Impact of "Excessive" Regulated ¯ Is There Significant Toxicity in the Receiving Waters That Is
Chemicals and Unregulated Chemicals in Runoff on the Receiving- Associated with Runoff Events?
Water Quality - Impairment of Designated Beneficial Uses ¯ Are There Closed Shellfish Beds, Swimming Areas, etc.?

¯ Is There Excessive AlgallAqustic Weed Growth?Unregulated Chemicals May Be Most Important Causes of ¯ Is There Utter and Debris?
Receiving-Water impacts ¯ Do the Rsh and/or Shellfish Contain Excessive Concentrations of

e.g., Diazinon Organophosphorus Pesticide Causes Hazardous Chemicals?
Stormwster Runoff to Be Toxic in Many Areas ¯ Is the Water Turbid? Is There Shoaling, Burial of Spawning Areas,
Issue: Is the Toxicity of Sufficient Magnitude and Duration to Shellfish Beds, etc.?
Impair Beneficial Uses of Receiving Waters? ¯ Are Domestic Supplies Experiencing Treatment Problems, Excessive

Costs?Regulate about 200 of the 60,000 Chemicals in Use Today
Define the Most Important Water Quality Use-Impairments in the
Receiving Waters That Are Potentially Due to Stormwater Runoff



Evaluation Monitoring Development of New Stormwater Runoff BMPs (continued)

Stormwater Dischargers Work with Regulatory Agencies, Point-Source If Chemical, Pathogens, Utter, etc. Cannot Be Controlled at Source,
Dischargers, Potentially Impacted Public Such as Water Utilities, etc. and Develop Site-Specific Treatment Approaches If Economically Feasible
Others as Appropriate to Determine If the Receiving Waters for the Repeat Evaluation Monitoring Program Every 5 Years to Detect;
Stormwater Runoff Experience Real, Significant Water Quality Use-
Impairments Due to Stormwater Runoff - Use Watershed Approach ¯ New Water Quality Use-Impairments Due to Increased Loads and/or

New Pollutants in the Stormwater Runoff
Develop Evaluation Monitoring Program That Focuses the Financial and ¯ New Information on Assessing Water Quality Impacts for a Chemical
Other Resources Available on Funding Real Water Quality Problem
Identification and Management Associated with Stormwater Runoff ¯ Evaluate Effectiveness of BMPs in improving Receiving Water Water

Quality
Rather Than Focus on Chemicals, Focus on Chemical Impacts

Overall
Potentially Toxic Chemicals vs. Toxicity Find a Real Water-Quality/Use-Impairment

Use Toxicity Tests to Integrate All Potentially Toxic Chemicals Determine Its Cause and Source

(for Both Regulated and Non-Regulated Chemicals) in the Develop Site-Specific BMPs to Achieve Control to MEP
Receiving Waters Technically Valid, Cost-Effective, Common Sense Approach That

Leads to Wise Use of Public Funds

Development of New Stormwater Runoff BMPe
,

If Water Quality Use-Impairment Found in Receiving Waters for Water Quality Use-Impairment
Stormwater Runoff Determine If This Use-Impairment ,Likely Due, to < Problem Identification ¯
Significant Extent, to Urban Area or Highway Runoff

Consider the Following Types of Possible Impairments:If Real, Significant Water Quality Use-Impairments Found That Are
Associated with Stormwater Runoff ¯ Impairment of Domestic Water Supply Water Quality

¯ Aquatic Life Toxicity¯ Determine Cause - Chemical Toxicity identification Evaluation (TIE) ¯ Excessive Bioaccumulation of Hazardous Chemicals
¯ Determine Source - What Is the Origin of the Specific Chemical ¯ Sediment Toxicity That Impairs Water Quality

Constituent That Causes the Use-Impairment for the Urban Area - ¯ Eutrophication - Excessive Fertilization
Highway Runoff? ¯ Sanitary Quality Impairment of Contact Recreation and

Develop BMPs to Control Cause of Use-Impairment to the Maximum Shellfish Harvesting
Extent Practicable - Focus on Source Control BMPs ¯ Oil and Grease Accumulation

¯ Significant Dissolved Oxygen Depletion
If Stormwater Runoff Causes Real, Significant Water Quality Use- ¯ Litter Accumulation
Impairment, Determine If Chemical or Pathogens Can Be Controlled ¯ Siltation - Excessive Sediment Accumulation
at the Source to Urban Area - Highway That Leads to Stormwater (continues)
Runoff That Causes Pollution in the Receiving Waters

(continues)
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Water Quality Use-Impairment
Problem Identiflcation.(continuedl

Aquatic Ufe Toxicity

Measure Toxicity in Runoff Water at Point at Which Runoff. Enters
Receiving Water and in Waterbody in Which Mixing Occurs

If Toxicity Found, Determine if of Sufficient Magnitude and
Duration in Receiving Waters to Require Control

Conduct Runoff-Water Discharge-Plume Toxicity Studies
Determine Areal Extent and Duration of Persistence of Toxicity

Use Ambient-Water Toxicity Test
Larval Fish, Shellfish

,~m.~ Assess Death, Abnormal Growth and Reproduction

If Significant Toxicity Found:
Determine Cause through TIE Studies
Trace Toxicity to Source

Sediment Toxicity

Determine If Sediments Are Sufficiently Toxic to Impair the
Beneficial Uses of the Runoff Receiving Waters

If Significant Sediment Toxicity Exists, Determine If It Is Due
Water Quality Use-Impairment to Runoff
Problem Identification (continued)

Drinking Water Impairment
Sanitary Quality Use-Impairment

Determine If Sanitary Quality - Fecal Indicator Organism Use-Determine Chemical Constituents Impacting Raw Water
Quality That increase Cost of Treatment and/or Adversely Impairment of Contact Recreation and Shellfish Harvesting Is
Affect Finished Water Quality Occurring in the Waterbody of Concern
Determine Sources of All Constituents That Impair Domestic Determine If Runoff Is Possibly a Significant Source of Fecal
Water Supply Water Quality Indicator Organisms That Are Impairing the Use of the

Bioaccumulation of Hazardous Chemicals Waterbody for Recreation and/or Shellfish Harvesting
Determine If Edible Aquatic-Life Tissue Contains
Concentrations of Hazardous Chemicals That Impair Its Use as
Food

If Excessive Bioaccumulation Occurs, Determine the
Significance of Runoff as a Source of the Chemical
Bioaccumulating



Water Quality Use-Impairment                                                                                        ~
Problem Identificationlcontlnued)                          For Further Information on Problems with Current               ~’

Eutrophication - Excessive Fertilization Stormwater Monitoring Approach and BMP Development_~
as Well as on the Development of Environmental

Determine If Excessive Algal and/or Aquatic Weed Growth Monitoring Programs Consult the Following:
Occurs That Impairs the Uses of the Receiving Waters for
Runoff Lee, G. F. and Jones, R. A., "Suggested Approach for Assessing Water
Determine Limiting NutrientlCondition Controlling Maximum Quality Impacts. of Urban Stormwater Drainage," In: Symposium
AlgallAquatic Weed Biomass in Waterbody When Proceedin_os on Urban Hvdrolooy, American Water Resources Association
Eutrophication-Related Water Quality Impairment Occurs Symposium, November 1990,AWRA Technical Publication Series TPS-91-
Determine Sources of Limiting Nutrient for the Waterbody with 4, AWRA, Bethesda, MD, 139-151 (1991 ).
Particular Emphasis on the Role of Runoff as a Relative Source
of N or P Lee, G. F., and Jones-Lee, A., "Stormwater Runoff Management: Are

Focus the Evaluation Monitoring Program on Available Real Water Quality Problems Being Addressed by Current Structural Best
Forms of the Limiting Nutrient Management Practices? Part 10" Public Works, 125:53-57,70-72(1994).

Part Two, 126.’54-56 (1995).Determine Reduction of Available Nutrient Load Needed to
Achieve Improved Eutrophication-Related Beneficial Uses of
the Waterbody Lee, G. F., and Jones-Lee, A., "Deficiencies in Stormwater Quality

Monitoring," IN: Proc. of an Engineering Foundation Conference, American ~.
Dissolved Oxygen Depletion That Impairs Aquatic Ufe Society of Civil Engineers, New York, NY pp. 651-662 (1994). r~.

Determine lfExcessiveDODepletionOccursintheWaterbody Jones-Lee, A., and Lee, G. F., "Achieving Adequate BMP’s for ~-
of Concern Stormwater Quality ’Management," Proceedings of the 1994 National ~.
If DO Problems Are Occurring, Evaluate Characteristics of Diel Conference on Environmental Engineering, "Critical Issues in Water and
and Spacial DO Depletion to Determine Cause of. Depletion Wastewater Treatment," American Society of Civil Engineers, New York, ~"
during Times of Runoff and Non-Runoff Events NY, pp. 524-531, July (1994). ~

Determine If Runoff Is a Significant Contributor to the DO I
Depletion Lee, G. F. and Jones-Lee, A., "Stormwater Runoff Management: The i~1

Need for a Different Approach," WaterlEngineering & Management,
Oil and Grease Accumulation 142:36-39 (1995). "Implementing Urban Stormwater Runoff Quality

Determine If Significant Oil and Grease Accumulation Is Management Regulations,"Water/Engineering &Management, 142:38-41
Occurring in the Receiving Waters for Runoff (1995). "Issues in Managing Urban Stormwater Runoff Quality,"

Water/Engineering & Management, 142:51-53 (1995).
Utter Accumulation

Lee, G.F. and Jones-Lee, A., "Evaluation Monitoring of Stormwater RunoffInspect the Receiving Waters for Runoff-Derived Litter Water Quality Impacts: Initial Screening of Receiving Waters," Report of

Siltation -Excessive Sedimentation Accumulation G. Fred Lee & Associates, El Macero, CA, 24pp, June (1995).

Determine If Particulate/Erosional Material Is Impairing the Lee, G. F. and Jones-Lee, A., "Approach for Developing BMP’s to Control
Designated Beneficial Uses of the Receiving Waters - Pollution from Highway, Street and Urban Stormwater Runoff," Report of
Is Turbidity, Suspended Solids and/or Sediment Accumulation G. Fred Lee & Associates, El Macero, CA, 23pp, June (1995).
Altering Aquatic Life Habitat and/or Impairing Beneficial Uses
of the Waterbody - Navigation - Promoting Weed Growth



Application of Evaluation Monitoring Approach General Aspects of ETC Evaluation Monitoring

for ETC Stormwater Runoff Water Quality Management
Stormwater Runoff BMP Development

¯ For Each Segment of Eastern Transportation Corridor (ETC) That Evaluation Monitoring Is an Evolutional Program of Water Quality

Drains to a Different Waterbody, i.e., Upper Newport Bay, Santa Evaluation and Management in Which the Most Important, Readily

Ana River, Santiago Creek, or Irvlna Lake, Review Designated Apparent, Significant Water Quality Problems Are Addressed Rrst to .

Beneficial Uses of the Waterbody Relative to Composition of the Extent That Funds Permit
Highway Runoff

Priority for Selection of Most Significant Water QualiW/Use-
¯ For Each Designated Use, Estimate if the Stormwater Runoff from Impairments Has Been Determined on Initial Basis and May Be Further

ETC Would Be Expected to Significantly Impair the Use Refined by a Stormwater Runoff Quality Evaluation Monitoring
Guidance Committee Representing Regulatory Agencies, Potentially

¯ If No Potentially Significant WaterQuality/Use-lmpairment Expected Impacted Agencies and Entities Such as Domestic Water Supplies,
for Regulated Chemicals, Conduct Reid Studies to Determine If Dept. of Rsh and Game, Public, and Others as Appropriate
Unregulated Chemicals Cause Water Quality/Use-Impairment

Where Real Water Quality/Use-Impairment Is Found in Receiving
Measure Toxicity, Bioaccumulation, Waterborne Pathogenic Indicator Waters for ETC Stormwater Runoff, Determine Cause and the Specific
Organisms, Excessive Algal Blooms, Siltation, Oil and Grease, etc. Source of Constituents That Cause Use-Impairment

¯ Develop Arrangements with Regulatory Agencies and Others as Develop New BMPs to Control Use-Impairment Focusing on Source
Appropriate Such as OCEMA, Santa Ana Regional Water Quality Control
Control Board, Caltrans, Orange County Water District, Serrano
Irrigation District, Dept. of Rsh and Game, Other Dischargers, etc. to Repeat Evaluation Monitoring Program for Each Waterbody at Least I~.Introduce the Evaluation Monitoring Approach and Its Implementation Once during Each 5-yr NPDES Permit Period

¯ Work with Regulatory Agencies In Refining Study Program Approach, ¯ Detect New Water Quality/1Jse-lmpeirmenta ~’-
Program Implementation, Data Interpretation, and Formulation of ¯ Incorporate New Information on Evaluation of Water Quality
Follow-up Studies Impacts of Chemicals

¯ Evaluate Improvements in Receiving Water Quality Due to¯ Basically, Shift the Funds Normally Devoted 1~o Monitoring Implementation of Source Control BMP
Stormwater from Runoff Monitoring to Evaluation Monitoring

Get All Stormwater and Point Source Dischargers, Regulatory Appoint a Stormwater Runoff Quality Evaluation Monitoring Technical i~1Agencies, Environmental Groups and the Public to Pool Funds to Advisory Panel to Provide Guidance on Technical Issues
Conduct Evaluation Monitoring This Panel Should Consist of Individuals Who Are Familiar with the

¯ Based on Funds Available/Unit Time, e.g., One Year, Prioritize Latest Developments in the Water Quality Evaluation and
Potential Water Quality Problems in Receiving Waters for Funding for Management Field with Particular Emphasis on Aquatic Toxicology,
Evaluation Monitoring Aquatic Chemistry, Surface Water Hydrology, Point-Source

Discharges to Waterbody of Concern, etc.
¯ May Be Necessary to Acquire Additionai Funds from All Dischargers

for Complex Situations Silverado to Provide Framework to Work with Responsible Agencies
and Interested Parties to Refine Evaluation Monitoring Approach

Refine Minimum Study Program for Each Potentially Significant
Impact Start Evaluation Monitoring Implementation Approach in 1996

If No Expected Impact and There Are Adequate Data on Overall Use Upper Newport Bay and Santa Ana River as Focal Points for
Water Quality Characteristics of Receiving Waters, Use Funds to Development of Approach
Confirm Applicability of Past Data on Receiving Waters

If Adequate Data Not Available, Conduct Evaluation Monitoring to
Obtain the Necessary Background Data on the Characteristics of
the Receiving Waters for the ETC Stormwater Runoff



Focus of Evaluation Monitoring Program Source Control BMP’s

At This Time, the Focus of the ETC BMP Development Program Brute Force - Mechanical Approach Not Appropriate
for Upper Newport Bay Will Be on: * Assume All Copper from All Sources Presumed Equally

Adverse to Beneficial Uses of Receiving Water
¯ Excessive Algal Growth Ignores Aquatic Chemistry, Toxicology, Water Quality
¯ Bioaccumulation ¯ Auto Brake Copper/Water Quality Issue Common Ground
¯ Sanitary Quality for Environment Misdirected Effort

¯ Aquatic Life and Sediment Toxicity First: Rnd Real Water Quality Problem (Use-Impairment) Caused
¯ Litter and Oil/Grease Accumulation by Copper in Receiving Water

Next: Where Problem Found, Determine Specific Source of the
For the Santa Ana River: . Copper Responsible for the Use-Impairment

¯ Domestic Water Supply Water Quality Then: Control Copper Appropriately at Source
If Brakepads Prove to Be the Source, Require Substitution

¯ Oil/Grease and Litter Accumulation with Material That Has Been Properly Evaluated

Overall Approach
Conclusions

Rnd a Real, Significant Water Quality Problem in Receiving Waters Due
to ETC Stormwater Runoff, and Control Problem in Technically Valid, Current Water Quality Monitoring & BMP Development for
Cost Effective Manner , Stormwater Runoff from Highways Not Technically Valid

Different fromTraditional"End-of-Pipe" Approach-Yes Significant Over-Regulation of Stormwater Runoff
In Accord with Federal & State Regulatory Requirements - Yes Wasting Public Funds

Use of Good Science and Engi,neering in Public Policy Formation - Yes Must Shift End-of-Pipe Runoff Monitoring to Receiving
Water Evaluation for BMP Development

Reduces Potential for Arbitrary, Technically Invalid Approaches - Yes
Should Focus Rnancial Resources Available for MonitoringImplementable under Current Regulatory Requirements.- Yes on
¯ Finding Real Water Quality/Use-Impairment in Waters

This Approach Is Technically Valid, Cost-Effective and Far More Receiving Stormwater Runoff from Highways
Protective of Beneficial Uses of Receiving Waters Than Current Approach ¯ Developing Site-Specific BMP’s That Control Specific

Constituents Responsible for Water Quality/Use-
Impairment
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..

Aquatic Chemistry/Toxicology in
Watershed-Based Water Quality
Management Programs

Lee, G. F., and Jones-Lee, A., "Aquatic

G. Fred Lee, PI~, PE, DEE, l~’esident Chemistry/Toxicology in Watershed-Based

Anne Jones-Lee, PhD, Vice President Water Quality Management Programs," Proc.

C~ Fred Lee & Associates, FJ ~, CA Watershed ’96 National Conference on
Watershed Management, Water Environment
Federation, Alexandria, VA, pp. 1003-1006
(1996|.

1~nmeere is conside, r~le discasfio~ today about imple- necessary to protect the designated Ix~cffcial ~ of the
nting the "watershed ~" for point and watezbody ind~pend~t of the natu~ of the source,

onpoint sources of pollutants in a ~-gion. There is,point or nonpoint, agdcultu~, indusuT or uzban, ~
however, consid~’abl~ confusion about what is meant by As discussed by Lee and Jones-Lee (1995a,b), in
the "watershed approac.h" in wate~ quality management,assessing wat~quality use impaimz~itis important not
The~ is even greater confiision on how the waxe~hedto assume that an exceedmu~ of a water quality criterion
approach should be implemented. U~. EPA ~O1~ stalx~a~[ l’epx~t~ sli~h & ll~e in~s. ~ir~.ast. U.S. EPA
1994) has adop~t a Watershed Pro~on Approachwater quality c~iu:da and state standards basedon these
which purports to promote integration of water qualitycfite~a m-e d~igned to protect aquatic life and other
problem solutions in surface waters, ground wate~ andbeneficial use~ under plausible worst-case or near worst-
habitats of concern on a watershed basis. ~ tocase conditions. It is indeed rare thaz those conditions
Perciasepe, the Wmcxshed Protection Approach is anoccur. This leads to ~administrative exceedances" of
essential priority for U.S. EPA’s Wazer l’mgram, how-water quality sUmdards that do not rep~eat nud use

implemented so that it properly ~ the manage-latory agencies to develop and implement water quality
ment of real water quality problems-designated use ira-cril~ia and standards that will protect uses without
pairment within a watershed without significant waste ofsignificant over-regulation of the chemical constituents
public and private funds controlling cttemical constitu-in a wate~hed.
emts fx~m point and nonpoint sources that have little o~ no It is important that those ~mible for ~
impact on the d~ig~at~4 beneficial uses of waters. Tlxising the wate~hed approachrecognizethatall umrces of a
paper summarizes some of the issues that need to be- particular type ofchenfical comtituent, such a~ copper

tire watched approach for managing wa~r quality in athe w~y that impa~ designated beoefidal use~ to
region focusing on the importance of properly incorpo-the same degreeper unittotal concentration. Copperfi~nn
rating aquali¢ chemislxy and aquatic toxicology of chemi-antomobil~ b~ake linings/pad~ in urban storm water nm-
cal constituents that are to be managed in a watershed-offwill be significantly different in its potential impact on
based approach, t~iving water quality than copper from copper sulfate

used to control ~ in a water supply ~ese~voir or the
copper that is used to kill mot~ that have penewated a

Implementation of the Watershed sanitary sewer system. In one case (the brakelinings pads)
Approach . the copper originates as a metallic element that is unavail-

able and non-toxic to aquatic life. In the other cases, the
A watershed approach should be adopted wherespedfic form ofcopper (copper sulfate) is designed to be

both point and nonpoint source dischargers wo~k with thehighly toxic to plant life~ Before it is assumed that all
regulatory agencies to evaluate the real water qualitysources of copper to a waterbody have equal adve~e
problems in a particular waterbody. After the real waterimpacts on the beneficial uses of the waterbody pt~3por-
quality problems-use impairment have been identifiedtional to the total concenu~on of chemical constituents,
thenthespecificsource(s)ofthespecificpollutautform(s)site-specific studies should be conducted to detem3ine
that is responsible for use impairment shouldbe x~uiredwhether ~ unexpect~ situation is occun~g. These
to control the input of the pollutants to the degreestudies would focus on the use of aquatic life toxicity
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testing using organisms that am known to be highlyPollutant Trading
sensitive to copper.

The assumption that all sources of copper or other As part of developing the watershed approach
chemical constimonts are of equal adverse impact isthe~ is discussion of"pollutant" trading, where one
strongly contrary to aqualic chemistry and aqualic toxi.sonrce ofpolluumts in a ~ could be conu’olled
cology. Based on the authors’ experience it will be to a grcater dcgree at less cost than m~uit~d based on
ind~zl rare, if ever, tha~ all sources of copper, phospho, allowed total maximum daily loads, thereby ~nabling
ms, or for that mauer other chemical constituents, will another source of the san~ chemical constituent in the
have equal adverse impact per anit total concentration of sam~ watershed to control the chemical constituent
a chemical constituent on the designated beneficial uses a lesser degree. Them arc a munb~ of examplea of
of a wamrbody. It is, therefore, important in developing wamrshed-based nutrient U~ling programs that have
a wamrshed approach for water quality numagem~t to been and/or are being dm~loped today that have sig-
focus pollutant control on those chemical constituents nificant technical problems with the way in which the
that arc actually significantly impairing the design~ed "pollumn¢’ (nutrieat) wading has been established.
beneficial use~ of tl~ waterbody(s) within and down- Hall andHowett (1994)have discussed"pollut-
stream of tbe watershed. This is the technically valid, ant" (nutrient) trading in the Tar-Pamlico River Basin
cost-effcclivcapproachthatshouldbefollowedinimple- of North Carolina. They point out that rather than
mcnting the wamrshed approach, requiring point source dischar/rc~ to remove nu~ieats

to a greamr degree than curr~tly being achieved, tha~
the use of the fimds that could be devomd to nutrient

Pollll~i~t ~/~l~Is ~,h@JnJf,~ control for point sourco discharges conldbeusedmore
COllSt~l~llt effectively to control nmxicnts from nonpoim dis-

charges. However, the Hall and Howett discussion
Signific~ntproblemsexisttodayinthewamrqual- f~Is to address one of the most important issues in

ity management field because of a failure to recognize eutrophication managenmnt, nam~y that various
the ~ce between poUumn~ and chen~a/con- sources of nutrients, especially phosphorus from
5~,~,uen~a. Chemical constimenmareanychemicals added POTWs and agricultural land runoff, contribute algal
m water, irmspeclive of the impact. Pollutants by tradi- available phosphorus to a wam~oody to a significantly

are present in a wamr in sufficient concentrations of tion.
available/toxic forms for a sufficient duration to ad- This is a common, widespread problem that is
vcz~ely impact the designauxi beneficial uses of the occuningtodaywiththeimplemenmfionofthewatcr-
wamrbody. ~ approach where those responsible for developing

To assume t~t pollutants and chemical constim-such programs fail to lXopedy incospomc reliable
ents arc the same, as is somethnes done, can be andevaluation of the aquatic dxnnisu7 and aquatic toxi-
usually is highly wasteful ofpublic andlnivate funds incelogy of the chemical co~ituents of concern from
"water pollution" ~ prognuns. ~ will be various sources in a watershed. As discussed by Lee
especially true as attempts arc made to conu’ol pollutantsand Jones-Lee (1992), pollutant trading programs
from nonpoint sources. In order to determine whether ashould be implemen~l where it can be shown that
chemical constituent is a pollutant it is necessary toeach ofthe sources ofchemical constituents which are
develop a site-specific undersunating of the aquaticto be traded conUibute chemical constituents in the
~U’y and aquatic toxicology of the chemical con- same specific chemical fonm and amounts to the
stituent of concern as well as the key components of theoverall waterbody of concern and thereby enable an

Lee and Jones-Lee (1995c) have discussed thatvelop to the same degree based on the control of the
every chemical is toxic to aquslic life and man at somepollutant of concern from ehher source to the same
onncenwalion and duration of exposure. The primarydegn~e. This situation will almost never occur for
issue in wa~r poilu:ion control from various point and potcotially toxic chemical consthuents such as heavy
nonpoint sources in aparticularwatcrshedis theevalu-metals, organics, nuuiems, and other chemical con-
ation of the .concentrations of the chemical constitu-stituents from point and nonpoim soun:es. It is highly
ents in the discharge/nmoff that are, because of theirunlikely that it will ever be pos.q~ole to x~llably trade
chemical forms, significantly impacting the desig-pollution loads between point and nonpoint sources
hated beneficial uses of the receiving watch for the because of the differenc~ in the chemical forms/
diacharge/mnoff. Paulson and Amy (1993) have sug- impacts of most chemical constituents from these two
gested that thermodynamic models, such asU.S.EPA’stypes of sources without extensive pre-uade evalua-
MINTEQ mo~lel, can be used to determine the toxic lien of the actual amounts and impacts of chemical
forms of chemical constituents in urban storm water constituents from each source of poumtial concern.
nmoff. However, such an approach is not technically Another potentially significant problem with
valid and will, in general, greatly over-estimate thepollutant tradingis that pollutants may adversely im-
toxic forms of chemical constituents, such as heavypact waterbodies in two overall ways; near the
metals, in storm water runoff, charge and in the overall waterbody. Pollutant trading,
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as i~ is being discussed ~oday, does not sdequa~y con-basin for a period of time whe~ large pa~cula~
sider localized advers~ impacts near th~ discharge poin~forms of chemical co~tiV.~nts settle our. However,
on the benefi~l uses of tbe wau~body. Local impacts onparticulate forms of ct~mical constituents are gen~-
large waterbedies can be quite significant to the publically non-toxic and non-avanable to aquatic life. De-
thatutili~estheben~ficialusesofthewa~.~snearth~pointtention basins typically do not remove the soluble/
of discharge. This point is discussed further by Lee andtoxic forms of chemical constituents. Lee and Jones-
Jones-l.~ (1994a) in evaluating the economic aspects ofLee (1995c) have discussed the importance of prop-
pollutant trading, erly selecting best managemeut practices for chemi-

cal constituent con~ol in a watershed, including control
at the source, so that the control i~ocuses on addressing

Control of Che ic, ai Constituents at water quali y problems r her man was g pub-
Source-Pollution Prevention lic and priva  f nds con mng chemi  consti -

ents which have li~le or no impact on the beneficial
One of the frequently advocazed components of auses of the waters in the wau~shed.

watershed n~uagement approach is pollution prevention,
i.e. the control of chemical constituents at their source.
One of the major azeas of concern in zegulating urbanCondo|on
s~orm wa~r runoff and other sources of chemical constitu-
ents for a waterbody is the presence of elevated concentra- Waterpollution control programs should be based
tions of a number oi~ heavy metals and othea chemicalon a wazershed manageme~-based control program in
constituents in the storm water nmoff/discharges thaz arewhich all chemical constituent sources to a waterbedy
potentiany contronable at the source. Coppor is one of the~ze reliably evaluau~i as to their potential impac~ on the
elements of ~es~ concern in urban storm wate~ nmoff,designated beneficial uses ofa wa~d~xiy. The focns of
Copper and many other heavy metals aze present in urbanthe watershed approach should be on protection and,
s~orm wa~r runoff a~ concenu-ations consid~-ably abovewhere degraded, ez~tumceme~ of the designa~:l ben-
U.S.HPA wate.r quality oriteria. It has been foundthat oneeficial uses of the wa~4xxiy, l:or aquatic ~
of the principal sources of copper is its use in brakeuses, the focus should be on the numbers, types, and
linings/pads for some types of automobile~ This has ledcharacteristics of desirable aquatic organism~ The
some to can for coppor source control by zequiring tha~ themechanical approach tha~ is being adopted today in
manufacturers of brake linings/pads stop using coppersome wauushedapprooches for water quality numage-
where some other msterial would be substituted for thement of considering an chemical constituents fzom an

shown, however, tha~ the heavy metals, including copper,uses per unit total chemical constimen~ concentration
in urban storm water nmoffare not a source of toxicity toderived from the sourceis t~-,Jmically invand. In imple-
aquatic life (see Mansarella, 1992). ¯ menting the watershed approach, proper evaluation of

whe.~her volunt~ary or imposed national or regional banstoxicology as it may impact the designated beneficial
ontheuseofcopporinbrakelinings/padsisanappropriateuses of a wsu~body mus~ be nugl~ in order to avoid
best management prance for storm wau~ ranoff watorwas~ of public and private funds in controlling chemi-
pollution conwol. Whilv adoption of this ~ wouldcal constituent inputs tha~ ~re not adversely impacting
likely reduce some of the adminisumive exceedances ofwater quality within the wau~hed and do~
copper at some locations, such as for San Francisco Bay, -thereof.
it wouldnotlikely address anyrealwaterqualitypmblen~s Pollutant trading should be based on the wading
(use impainnen0 associa~l with the p~sence of copperof w.al pollutan~ i.e., those that impact designa~i
in storm wa~er nmoffto the Bay or its tn~-tari~s. Ftmher,beneficial nses at a pmicular location in a watedxxiy.
since som~ other ma~dal will have to be substituted forConsideration should be given to wau~’ocdy-wide el-
copper, concern should be raised on the po~nfial publicfects as well as those that can occur near tbe point of
health and environmental impact of the substitute mate-discharge/runoff. -

In formulating a point and nonpoint source chemi-
cal constituent conu~l program, it is important to r~li-Referenr.e~
ably evaluate the aquatic chemistry and aquatic toxicol-
ogy ofthe chemicalconstitu~nts that a~ to be controlledHall, J.C., and Howet~, C.M. (1994). Trading in the
through best mauagement pra~ices. It is also impon~ut Tar-Pamlico. Water Environment & Technof
to und~’umd that tbe cur~nt suite of structural best ogy, 6(7)’~8-61.
manag~nent practices, such as detention basins, grassyLee, G.F., and Jones-Lee, A. (1994a). Water quality
swales, etc., were not based on a technically valid i~ues in pollu~nr trading. Submitted for publi-
~-,.ssment and that their implementation would solve cation in Water Resource Bulletin.
real wa~r quality problems (Lee and Jones-Lee, 1996).Lee, G.F. and Jones-Lee, A. (1995a). Appropriate we
An example of this situation is the use of detontion ofnumericchemicalv~erqu~Iitycriteria.Health
basins wher~ low flow storm watexs are retained in a and Ecological Risk Ass~sn~nt, I:S-11.
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Lee, G.F. and Jones-Lee, A. (I995b). Independent appli-Mangarella, P. (1992).Source ident~icationand~Tntral
cability of chemical and biological criteria/start- - Santa Clara Valley nonpoint source pollution
dards and effluent toxicity testing. Th~ National controI program. Sour~ Id~tification and Con-
Environmental Jottrnal, 5(1):60-63 (1995),Part//, Ix, ol R~rrt pret~amd by Woodward-Clyd~ Con-.
An alternative approach. 5(2):66-67. sultants, Oakland, #..A.

L~, G_g. and Jones-Lee, A. (1995e). Storm water runoff Panlson, C. and Amy, G. (1993). Regulating metal
management: Are real water quality problems be- toxicity in storm water. Water Environment &
in8 addressed l~y current stru~ural best manage- Tex.hnology,WaterEnvironn~ntFede_ration~.:44-
mentpractices? Part 1. Public Works, 125:53-57, 49.
70-72 (1994). Part Two. 126".54-56. Percias~, 1L (1994).NPDES watershed strategy. U.$.

L~, G.F. and Jon~s-Le~, A. (1996). Significance of EavitonmeatalPt’ot~-~onAge~aey, Offie~ofWa-
eroded suspended sediment-associated constitu- tex, Memorandum to Water Manag~m~at Divi-
ents. Land and Water 40(1):19-23. sion Directors (Regions I-X), Washington, D.C.
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Aquatic Chemistry/Toxicology in Watershed-Based                                        Definitions
Water Quality Management Programs

Water Quality - Impairment of Designated Beneficial Uses: Fish and
Aquatic Life, Domestic Water Supply, Wildlife Habitat, Contact

G. Fred Lee, PhD, PE, DEE and Anne Jones-Lee, PhD Recreation, Etc.

G. Fred Lee & Associates Chemical Constituent - A Chemical Added to or Present Within Water
E! Macero, California Pollutant - A Chemical Constituent That Impairs the Beneficial Uses of

a Waterbody
Presented at:
Water Environment Federation Conference, Chemical Constituent ~ Pollutant
"Watershed "96" Baltimore, MD, June 1996

Most Chemicals Exist in a Variety of Chemical Forms, Only Some
of Which Are Toxic - Available to Impact Water Quality

Waterbody - Water Column Including the Sediments

Watershed Approach for Water Quality Management Watershed is the Area That Contributes Water to a Waterbody;
Includes Airshed - Atmosphere and Groundwater

What Should a Watershed Based Water Quality Management Approach
Involve?

All Stakeholders Working Together to Identify, Prioritize and Deficiencies in Current,Watershed-Based Water Quality Management
Manage All Significant Water Quality Problems in a Waterbody and
Its Tributaries Current Watershed Approach for Water Quality Management Largely

Broaden the Scope of Water Pollution Control to Address All Ignores Aquatic Chemistry and Toxicology - Real Water Quality Issues

Impairment of Uses and All Sources of Pollutants that Impair Uses Brute Force Approach

Ag No Longer Exempt from Practicing Full Water Pollution Assumes That All Forms of Chemical Constituents EquallyControl Important

Consider Both Near-Field (Near Point of Discharge-Runoff) and All Copper, Mercury, Other Heavy Metals, Pesticides, PCBs,Far-Field (Waterbody-Wide) Impacts Phosphate Are in Forms That Adversely Impact Water Quality
Well Known Not To Be True

Assumes All Aquatic Organism Exposure a Chronic Exposure

Aquatic Toxicology - Adverse Impacts Such as Toxicity, Excessive
Bioaccumulation, Tumors, Etc.

Aquatic Chemistry - Chemical Transformations; Kinetics (Rates) and
Thermodynamics (Energy- Equilibrium)



Aquatic Chemistry Aquatic Toxicologyof Chemical Contaminants
Gas Phase

VolatiT~atlon

Concentration
Acid/Base V V Photochemical of Available

\4 /,,. Transforma. tion Forms of
ContaminantY,÷< > < > x=÷c

Hydrolysi= Cemplexadon =
Y=" < "’ > X" < > X~C i US EPA

;/ t-\

l                                    Criterion

Biochemical ../ ~’\ Sorpt|onTransformation zz ^ ^

Precipitation    \4 i~]’x÷                         ~ss’~r Duration of Exposure
I I (~x- Exposure Associated
v v ’with Stormwater

MX÷ MX" Drainage

Distribution Depends on Kinetics & Thermodynamics of                                                           I
Reactions in a Particular Aquatic System

US EPA Criteria Ust 1-hr-Average Maxima and 4-day-
Each Chemical Species I~ias Its Own Toxicity Average Maxima
Characteristics

Many Forms Are Non-Toxic Not Valid for Assessing Potential Impacts of
Urban Stormwater Drainage

Toxic Forms Are Typically Aqueous Aquo-Species of
Metals



Human ~l E~logi~d Ri~k A~-’m~nt: VoL 1, No. 1, ~.

What Makes a Chemical Constituent Deleterioue to
Water Quality - Beneficial Uees?

Aquatic Toxicology andlor BIoaccumulation App priate Use of Numeric Chemical
Organism Sensitivity to Potential Adverse Impacts

C ron c  ox*¢ tv Concen ation-Based Water Quali  Criteria
Duration of Exposure

Aquatic Chemistw
G. Fre~ Lee ~Chemical Reactions That Dateline the Composition and Specific

Chemical Species Present G. ~ ~ ~~ 27298 ~ ~ ~ D~ ~L ~ ~ 93618-1~5 U~
Factor Controlling Composition and Changes in Composition
Kinetics IRates) and ~erm~ynamics (E~rgy - Equilibrium)

~RODU~ION
~g =~endon is ~g ~n to ~e ~t~n~ o~m;~ ~n~Jnant

mn~l p~ ~~ m ~ ~ to ~dc ~ ~ ~e ~m~lumn and
Technically Appropriate Use of Water Oua,ty Cdteda and Standers ~ ~d =~s~ bi~~don o~mn~ in ~=dc ~e. E~don

US EPA Water Quality Criteria and State Standards Numerically Equal
mn~l o£ che~ mn~U ~ @~y ~ on ~th~ ~ eff~ o£ the

To ~ese Criteria Are Based On Worst-Case or Near Worst-Case ~n~s) on =quadc o~s ~iol~ ~-~ =pp~ch~), or on
Assumptions With ~spect To Impacts On Aquatic Organisms ¯ mnmn~dons o£in~d~ ch~i~ mn~ ~ ~p~dom m ~ im~

on ~u=~c o~sms (~e~c~ ~n~don-~ =~m).
Chronic Exposure to 100% Available Forms O~ng to their mmp~d~ s~p"ci~ and m~mible ~ o~ =pp,~tion,
Rarely Will These Co~itions Occur chemi~ ~n~on-~d’s~ ~r qu~ s~ b=~ on or ~uj~ent to

US ~A nume~c ~r qu~ ~ ~ ~ing in~ingly R,ed upn
Not To Be Exceeded For More Than Once In Three Years At the E~ge inde~ndently app~c=ble ~to~ ~b ~or the ~sment, pm~on, =n~or
Of Mixing Zone e~cement o~d.i~at~ ~e~ciM u~ o~=qu=dc ~m=. H~e~r, the p~scnt-

Leads to Significant Over-Estimation of Both Near-Reid and Far- daT use o~ ~uch ~i~rl= ~.d ~ l~ly i~o~ the ~qu~ en~nmen~
Reid Impacts chemJs~ ~d to~col~ o~ ~n~insn~, the ~f:~� or

~o~d=don o~ose ~iteri=, ~d ~e ~=~ ~=t ~ b t l~ ~y o[con~inants
C~mical Specific Water Quality Criteria and State Standards Should ~or whi~ numeric ~n~n~d~ ~= do n~ ~st. ~=ch o~ th~~ Us~ to Indicate Potential Adverse Impacts

~minish. ~e ~=b~ o£ ~e ~pl=don o~chemi~ ~n~n~tions m impacts
Allow Discharger and the Public To Determine If Exceedance Of on aquatic o~nJsm~nefi~ ~ o~Rr, ~ ten~ to m~ ~em more s~in~nt
Standards Repre~nts a Real Impairment of Water Quality th~ n~s=~ to prot~ d.i~ ~e~ u~ o[~ten. ~=t no~st=ndlng,

Impai~ent of Uses or an Administrative Exceedance ~� US EPA h=s =dopt~ the p"~ o~ Indc~ndent App,c=bili~ £or ch~mic.l
concen~tion ~tcri~ in w~ch ~¢mi~-s~c ~n~ntmtion ~u. ~ =ppl~d
independent o£ biolog~ ~K~u-b~ =pp~ch. £or ~l=dng "~ter
~¢y ~ pmumed to ~ inde~ndendy Rli=ble even wh~ they indicate =n
that is not supported by biolo~ eff~.-b~ed approach., such as toxici~ t.ting
~d =c~ m~u~men~ o£bJo~don ~uat~ on = sim-s~c ~sis.





Watershed Approach for Managing San Francisco Bay Copper All Sources of Copper Are Not of Equally Toxicity
A Watershed Approach Gone Awry

Cu - Metal - Some Auto Breakpads
Exceedance of National Copper Water Quality Standard - 2.9 pglL Cu2+, Cu(HzO)6=+

CuOH÷, Cu(OH)=, CuCO3Developed Site-Specific Standard Based on Water Effect Ratio CuO, CuCO3,
Approach - 4.9 pglL Cu organic, Cu-humates, Cu-EDTA, Etc.

Find 10 to 15 pglL Soluble Copper in San Francisco Bay Waters Models - MINTEQ Not Reliable to Predict Toxic Forms

Because of Independent Applicabilit.y Must Develop Waste Load Soluble Copper- Some Non-Toxic
Allocation and Total Maximum Daily Loads (TMDLs)

Must Use Toxicity Measurements and TIEs To Determine If Copper In
"Phased Approach" Adopted Because of a Lack of Understanding a Water Sample Is Toxic
of the Relationship Between Copper Loads and Copper
Concentrations in Bay Waters

Phase I - All Dischargers Reduce Total Copper Loads by 20%
Watershed Approach for Managing San Francisco Bay Copper

Copper Sources For South San Francisco Bay: Treated Wastewaters Where Is The Problem? u’)
15%, Auto Brakepads 35%, Other Runoff Sources - Urban and
Highway Stormwater and Mine Waste 50% Extensive Toxicity Measurements of San Francisco Bey Waters Over

Three Years Have Shown No Toxl¢Ity Due to Copper or Other          ~’-
Constituents to S~veral Highly Sensltlve Aquatic OrganismsEach Source of Copper Must Reduce Copper Input to Achieve

TMDLs                                                                    Used the Same Organism and Test as Was Used to Establish the

Water Quality Criterion - No Toxicity FoundAll Sources of Copper Considered Equally Harmful

Exceedance of the Water Quality Standard is an AdministrativeIgnored the Role of Bay Sediments as a Source of Copper to Exceedance Due to Overly Protective Standard (Worst-Case) and i~1the Water Column During Storms
Inappropriate Regulatory Approach (Independent Applicability)

If All Copper Inputs From the Watershed Terminated, the
Could Cause Stormwater Dischargers (Municipalities) to Spend OverSoluble Copper Concentrations in the Bay Will Be Exceeded
One Billion Dollars Treating Urban Area and Highway Stormwaterfor More Than Once in Three Years~ i.e., Will Still Have Runoff to Achieve Copper Water Quality Standard in Bay WatersExceedance of Water Quality Standards

No Beneficial Uses of the Bay are Expected to Result From Such
Phased Approach Technically Invalid Must Have an Expenditures
Understanding of the Relationship Between Copper Loads
and the Resultant Concentrations Also Must Consider Example of Inappropriate Watershed Approach That Fails to Properly
Sediments in Evaluating Exceedance of Water Quality Incorporate Aquatic Chemistry and Toxicology
Standards



Santa Monica Bay Stormwater Runoff Pollutant Trading For Control of Toxicity
,<-

Santa Men,us Bey Rostoretion Project Adopted the Watershed Metals and Some Organics Am Of Concern Because of Potential ,<-
for Managing 22 Chemicals That are Transported into Santa Toxidty or BlceccumuletionApproach

Mortice Bay in Stormwatar Runoff
Should Trade Toxic Units Not Total Metals or Even Dissolved Metals

Heavy Metals POcol Point of Attantlon
Should Trade Bloaccumulatable Forms Not Total Concentrations

Mesa Load Emission Strategy Adopted
Technically Valid Pollutant Trading Will Require Site-Specific Evaluation

All Stormwater Runoff Sources of Metals Considered Toxic of Each Major Source of Constituents of Concern To Determine the
end Available - No Measurements Made to Verify Pollutant Contant

Heew Metals Accumulate in Near-Shore Sediments of Santa Monica
Bay - Assumed That Elevated Concentrations of Heavy Metals in
Sediments Represents Significant Adverse Impacts to Beneficial Uses Management of Eutrophication
of Santa Monica Bey Due to Aquatic I.Jfe Toxicity

Eutrophication - Excessive Fertilization One of the Most Important
No Toxicity Msesuraments Made Causes of Water Quality - Use Impairment in the US

Require Expenditure of $42 Million Over Rye Years to Control Heavy Excessive Growth of Algae and Other Aquatic Plants
Metal and Other Constituent Inputs to Santa Monk=a Bey From
Watershed (Including City of Los Angeles and Sun’ounding Moat Freshwater Wetarboclies Algal Growth Controlled by
Communities) Phosphorus

Implementation .of Stormwstar "BMPs" Nitrogen Important For Most Estuaries and Marine Systems and
Some Freshwater Systems Especially on the West Coast

Assume That Any Approach That Removes Heavy Metals in
Stormwetar Runoff is I BMP for Protection of Santa Monice Watershed Approach to Eutrophication Management Focusing on
Bay Controlling Umiting Nutrient Input Often Technically Invalid

Technically invalid AplXoanh Ighorea the Aqueous Environmental Chemistry of Phosphorus

A BMP for Stormwater Runoff is Valid if it Improved The Total Phosphorus Load From Some Sources is a Poor Predictor
Beneficial Uses of Receiving Waters , of Algal Avelleble Phosphorus

Heavy Metals fn Stormwater Runoff from Urban Areas Only About 20% of the Particulate Phosphmus in Urban Area
and Highways Are in Non-Toxic, Non-Ave,able Forms end Rural Runoff Available to Grow Algae
Alan Rarely Will Heavy Metals From These Areas Be
Adverse to Aquatic Ufe When They Accumulate in
Receiving Water Sediments

Pollutant Trading For Eutrophication Control

Phospheta From Non-Point and Point Sources Are Not Pollutants To
Pollutant Trading the Same Oagrec

Under TMDL Situations, Dischargers Are Required to Control ¯ POTW Residual Phosphorus May or May Not Be Available to Support Algal
"Pollutant" to a Specified Load Growth

Some Sources Can Control the Pollutant at Less Cost Per Unit Aluminum and Iron Treatment For Phosphate Remuvsi Produces
Miss of Pollutant Removed Than Others Particulate Iron or Aluminum Phosphates

The Discharger Which Can Most Cost-Effectively Remove Rlter Effluent to Furtimr Remove Particulates
Pollutants Do So and Thereby Allow Another Discharger to
Remove Less of Their Pollutant Load Removing Non-Algal Available Phosphorus

in a True Pollutant Trading Situation Must Trade Pollutants That Impact Non-Point Sources - 80% of the Particulate Phosphorus Non-
Water Quality Not Chemical Constituents Irrespective of Their Impact Available to Support Algal Growth

Consider Nuer-Rcid and Far-Reid Effects Must Trade Algal Available Phosphorus Not Total Phosphorus

Evaluate Toxic-Available Fmms



Purpose of Water Quality Monitoring
Water Quality Issues in Pollutant Trading’

¯ Define Water Quality Impacts of Stormwater RunoffG. Fred Lee, Ph.D., P.E., D.E.E. and Anne Jones-Lee, Ph.D.
G. Ft’ed Lee & Associates ¯ Serve as a Basis for BMP Selection

El Macero, CA 95618 * Establish Basis for Pollution Source Control
(916) 753-9630 * "Compliance" with NPDES Discharge Limits

~,bstra~t egulatory Requirements

As part of implementing the watershed approach for water pollution control, interest is
being focused on pollutant trading. The pollutant trading programs that have been developed Purpose - To Control Stormwater Runoff Caused Pollution - Use
thus far axe based on total chemical constituent concentrations and fail to properly consider that impairment to MEP Using BMPs
for many chemical congruent sources and type= of chemical constituents the total chemical
constituent concentration in a source or within the waterbody is a poor measure of potential US EPA Proposed Policy - Must "Achieve" Water Quality Standards in
water quality impacts. Pollutant trading should be based on trading chemical constituents that the Receiving Waters. However, Exceedance of these Standards Does
ate adversely impacting the designated beneficial uses of a waterbody, i.e. cause pollution, Not Constitute an NPDES Permit Violation
rather than the total chemical constituent concentrations within the various sources for which NO Need for Traditional End-of-the-Pipe Compliance Monitoringt~des a~e being considered.
(KEY TERMS: pollutant trading; point/nonpoint source; water quality criteriaJstandards; water
quality.)

Introduction
Need for Alternative Approach

Malik et ol. (1994) have discus .s~l economic aspects of pollutant trading as part of their
discussion of economic issues of the watershed approach for water quality management. This Urbanos and Torno in the overview summary of the Stormwater NPDESdiscussion, however, tails to consider important often overriding water quality issues that should
be addressed in any pollutant trading activity. A fundamental deficiency in most pollutant Related Monitoring’ Needs, Engineering Foundation Conference, August
trading programs that h~ve been proposed is the failure of those involved to rec~nize the 1994,
difference between pollutants and chemical constituents. Basically, Malik eta/. have discussed
chemical constituent trading, it is important in any water quality management program to "If we are to acquire this understanding, we must stop wasting
cle=urly distinguish between those forms of chemical constituents.that are present in a waterbody monitoring resources on the "laundry list" type of monitoring
or its inputs which give rise to a total concentration in the waterbody and those that are present encouraged or required by our current regulations. We must instead
in chemical-specific forms that adversely impact the designated beneficial uses of the waterbody, move towards well-designed and adequately funded national and
Chemical Constituents vs. Pollutants regional scientific study programs and research efforts."

Chemical constituents exist in aquatic systems in a variety of chemical forms, only some Davies in Proceedings Engineering Foundation Conference "Stormwater
of which axe toxic-available (sac Lee et oL, 1982). For the purposes of this discussion and in Runoff and Receiving Systems: Impact, Monitoring and Assessment,"
accord with traditional approaches, "chemical constituents" are defined as those chemicals which 1995
are present in a waterbody or input irrespective of whether they are in chemical forms that
adversely impact the designated beneficial uses of the waterbody. "Pollutants," on the other "it is generally agreed that NPS [nonpoint source] problems arehand, are those chemical constituents that are present in sufficient concentrations of available- unique and complex, and they will not be resolved as easily as the

relatively simple treatment and standard compliance approaches used
in the PS [point source] program. NPS programs will require

tSubrnitled for publication in Water Re.mines Bulletin, February (1996). development and application of innovative and imaginative control
strategies, and the program will cost much more than the PS
program."



US EPA May 3 Draft Intedm Stormwater Runoff Permitting Approach Potential Water Quality Problems That Should Be Considered

"ln ordertogethernecssssrytnformatlonaboutstormwaterdischarges, in a Watershed Based Water Quality Management Program
storm water permits should include coordinated and cost-effective
monitoring programs, such as ambient monitoring, receiving water Aquatic Ufe Toxicity - Water Column and/or Sediments -
assessment, discharge monitoring (as needed), or a combination of
monitortng procedurss designed to gather nece~ary information." Excessive Bioaccumulation of Hazardous Chemicals
"The amount and types of monitoring necessary will vary depending on
the individual circumstances of each storm water discharger. EPA Domestic Water Supply for Surface and Groundwaters
encourages dischargers end permitting suthoritios to carefully evaluate
monitoring needs and storm water program ob/ectives so as to select
usefuland cost-effective monitoring approaches. For most dischargers, Sanitary Quality - Contact Recreation and Shellfish Harvesting
storm water monitoring can be conducted for two basic reasons: 1) to
idsatify ff storm water problems ere present, either in the receiving water Eutrophication - Excessive Fertilization
or in the discharge, ~d to characterize the cause of those problems; end
2) to assess the effectiveness of storm water controls to reduce
contaminants sad make improvements in water quality." Petroleum Hydrocarbons - Oil and Grease

Focus of Recommended Monitoring Programs on Receiving Water Aquatic Life Carcinogens
Characterization Using:

"Techniques that sssess receiving watsr~ wili help to Identify if storm Oxygen Demand
wsterproblems are present, where these are not known. Techniques
that assess storm water discharge characteristics will help to identify Sediment Accumulation - Siltation, Turbidity, Navagation, Habitat
potential causes of say identified water quality problems."

"Although municipal NPDES storm water permit applications Litter and Debris
emphasized end-of-pipe chemical-specific storm water monitoring,
this type of monitoring does not need to be repeated dudng the term
of the permit ff it i~ not ldsatified as the best monitoring tool to
support the purlx~ of the munlcipafity’a storm water monagement
program." Evaluation Monitoring Approach (continued)

Problem Definition and Control
Evaluation Monitoring For Implementation of a

¯ Watershed Based Water Quality Management Program Determine the Cause and the Source of Constituents Responsible
for the Use Impairment

current Water Quality Mordtodng Programs are I~rgeiy End-of-the-I~pe
Edge-of-the-Pavement/Property "Compliance" Monitoring                          Develop Site-Specific Programs That Will Control the Use

Provide Utile to No Useful ~nfonnetlon on the Real Water Quality Impairment to the Maximum Extent Practicable
Use Impairments That Are Occurring in the Receiving Waters Fo~
the Discharge - Runoff Repeat Evaluation Monitoring Program Evaluation of Each Potential

Evaluation Monitoring Developed to Use Monitoring Funds More Water Quality Use Impairment Every Five Years to Detect Changes
Appropriately to Define Real Water Quality Use Impairments in the in Activities Within the Watershed That Are or Could Be Adverse
Receiving Waters For the Discharge - Runoff to the Waterbodies Water Quality

Shift Monltodng Emphasis From Discharge - Runoff to Receiving
Waters           ,                                                   Also to Detect New or Increased Use of Constituents That

Impair the Beneficial Uses of a Waterbody Introduced Into the
All Dischargers, Regulstow Agencies and the Pub|ic Work WatershedTogether to Use Monitoring Funds Available to Rnd Reid Water
Quality Use Impairments in a Wsterbody

Overall, Evaluation Monitoring Focuses on Finding a Real Water Quality
Where Such Use Impairments Are Found, Assess and Prioritlze Problem in a Waterbody, Determining Its Cause and Significance and
Their Significance Developing Control Programs For Controlling the Input of Pollutants at

the Source



Evaluation Monitoring foi~ Stormwater Runoff Monltoring
and BMP Development

Assessing Water Quality hnpacts of Stormwater Runo~

G. Fred Lee, Ph.D., P.E., D.EK ~i Anne Jones-Lee, Ph.D.
O. Fred Lee, PhD, PE, DEE (Member)2 O. Fred L~ & Asso~ates

Anne Jones-Lee, PhD (Member) E] 1Vllr.em, C~fornla
PH: 91~.7S3-9~30

Abst~ct                                                                                             FX: 91#-7~3-99~6

Current "water quality" monitoring of non-point source runoff typically Febnmy
involves periodically measuring a laundry list of chemicals in the runoff waters. :
This approach, while satisfying regulatory requirements, provides little to no Ab~tt~seful information on the impact of the chemicals in the runoff on the real water
quality - desiguated beneficial uses of the r~ivlng waters for the runoff. There This report novers the d~opment ~d ~q~H~tlon Of m~inatlon monito~g to hlghw~y,
is need to focus water quality monitoring on investigating the receiving waters in urban area and street stotmwater ronoffwater quality ml~geme~ A dL~ussion is presented on
order to ~ whether the chemicals in the runoff are adversely affecting the need for In aiteruative apprulch to the ~ltinm[ Ipprua~h ofL*~hll~g tha water quality
be~eflelal us~. This paper presents In evaluation monitoring appru~ch for impacts Ofhlghw~y and urban area ~tonnwater nmoff’on r~e~ing w~.er qua. lnformltion ismonitoring receiving waters that determines whether the runoff is a significant

presented on the hackgrouad to the deve~pm~t and app~cation of ~te-~pec~c studiescause of water quality - use iml~irmeats. For each type of use impairment, such (evaluation monitorin~ thlt Ire coadu~ted on tha rece~ng wlter~ t~r ~nnv~er runoffI~ aquatic life toxicity, excessive biuaccumulation of hazardous chemicals,
identify real water qu~ty t~ [mpairmm~s ia the~ water~ that ar~ ~ by ~excessive fertilization, etc., highly focused site-specific studies are conducted to comtituent~ ~:l/or pathogenic or~m indicatorl ia ti~ ~tonnwater runot~

d~ermine the use impairment that is likely occurring due to a stormwater runoff
event(s) and the specific cause of this tml~irment.

The evaluation monitoring progx~n is de~lF~ed to replace the ~onve~tlonai
quality" monitoring p~ that ~ ~ for tae~.~rlng tbe chemlr.~[ ~lents ill hil~’~yK"y words: stormwater, water quality, monitoring, highway urban area and street stormwlter n~off. It is wld~y recognized that ~onai nmoffwater

Introduction q~a~ty monitoring provides little in the w~y oftls~ul ir~orm~o~ that ~ b~ used to ~’aiulte th~
impac~ of stormw~er ru~ff on tha benelicisl u~s Of the m:~ving w~era for the
Evaluation monitoring se~es ~ I teelu~caliy v~d, co~t-e~fe~ive ha~ for BMP dev~opment that

There is growing recognition that domestic ~d industrial wastewater and replaces the conventional approach that is used to dev~op stormwater rtmoff’ water qualitystormwater runoff *water quality* monitoring involving the measurement of a
BMPs. The conv~tlonal ~ dev~opm~t apprua~ assumes that d~tention ha~ grassysuite of chemical *pollutant* parameters in discharge/runoff waters is largely a
swales, various types of h"Iters, e~. Ire eff’eodvu BMP$ in controlling real water quai]ty usew~ste of money. For stormwater ronoff~ such programs generate more data of
impairments due to heavy me~ais, organi~ and other ~mstltueats ia l~ghway and urban ar~the type that have beon available since the 1960’s on the chemical characteristics
stonnwater runoff:. However, it is now well-known that ~ forms of heavy n~tais andof urban area, highway and street runoff. It has been known since that time that
other constituents that are removed in convantinm[ stotmwlter nmofle BlUff, s do not adverselyrunoff from these areas contains a variety of regulated chemical constituents and
impa~t the bene~cial us~ oftlm r~.~vlng waters for the nmo~ TI~ partinulato forms ofha~vywaterborne p~tthogenic organism indicators that exceed water quality standards at
metals and other constituents are in non-toxio, no~-available forms. ~oreq their removal in athe point of runoff discharge to the receiving waters. However, discharge
detention basin will not be of ben~t to tha beaef~ uses of th~ re~h~ing waters for themonitoring provides little to no useful information on the impacts of the
stormwaterapparently exce~ive regulated chemicals and unregulated chemicals in the

,dig:harge on receiving water water quality - designated use impairment. As
Basically, the evaluation monitoring program shifts the funds that are u~d for end-of-the-dig:ussed by Lee and ~’ones (1991) and Lee ~and Jones-Lee (1994a, 1995a,b),

pipe runoff monitoring to site-specific, highly directed studies de~gnod to find real water qualitymany of the chemical constituents in urban stormwater runoff are in particulate,
use impairments of the receiving waters for the stormwater runoff. When such use impairmentsnon-toxic, non-available forms. Further, the short-term episodic nature of
are found that are due to highway, urban area or street mno~ then BMY$ are developed that
cvntrol the input of the pollutants, i.e. those constituents that cause impairment oftbe bene~cial

q~vltvd ~per to be pre~ented at th~ American Soci~y of Civil ~nginee~ North America~ Water aadU~es of the receiving waters for the stormwater runoff to the maximum extent practicable. The
Eavironm~t Con~re~ ’9~ to be held in An,~im, CA, Jun~ 1996.

gPrwid~nt and Vice-Pre~ident, respectively, G. Fred Lee & A~ociate~, 27298 E. El Macero Drive, 1~1 Macero.
CA 9Y~15-1005. Fh: 916-753-9630: Fx: 916-753-9956.



,, Chemical Constituent vs. Pollutant .Development of Technically Valid Watershed Approach
for Water Quality Management

Must Clearly Distinguish Between Those Chemical Constituents Which -
Are Important in Adversely Affecting the Beneficial Uses of a Waterbody ¯ Organize All Stakeholders IDischargers, Water Users, Interested

Must Be Evaluated on a Site-Specific Basis Parties, Regulatory Agencies, Etc.) to Develop Watershed Based Wster
Quality Management Approach

¯ Appoint a Stakeholders Technical Advisory Committee That
Includes Several Individuals Knowledgeable in Aquatic Chemistry,
Aquatic Toxicology and Water Quality

Selection of BMP’s
¯ For Each Potential Type of Water Quality Use Impairment Within the

Objectives: Control Impairment of Waterbody Uses of Concern to the Waterbody of Concern, Assess What is Known About Its Magnitude
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Not Technically Valid Focuses on Chemical Constituents Not Impaired? - Consider Both Surface and Groundwater
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(~ontinues)
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¯ Develop and Implement Site-Specific Control Programs For Each of
the Sources of Pollutants That Significantly Impairs the" Near-Field or
Far-Reid Uses of the Waterbody

Focus Control Programs on Sources Rather Than Trying to Treat
Stormwater Runoff From Urban Areas, Highways and Rural Areas
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Abst~’ec~

The inci’easingly stringent requirements being placed on domestic water supply finished water
quality are causing water utilities and regulatory agencies to give greater consideration to the possibility
of managing water supply contaminants at the source. This paper reviews several aspects of the
information available on the potential for controlling domestic water supply water quality by source pollutant
control. Consideration is given to both surface and groundwater systems. Emphasis is given to the control
of raw water quality problems due to excessive growths of algae, trihalomethane precursor sources, and
the protection of groundwater quality from landfill leachate. Particular attention is given to the Sacramento-
San Joaquin River Delta system which serves as a domestic water supply for approximately 20 million
people rn California. .....

Increasing concern is being focused on the use of copper suffate as an alglcide in water supply
reservoirs because of the finding that some cities have "excessive" amounts of copper in their wastewater
discharges from this source. The ’excessive" concentration is based on a comparison with US EPA water
quality criteria. It is well known that copper exists in many forms, only some of which are toxic. It has been
found that in a number of situations the copper in surface waters is in a nontoxic form. The US EPA criteda
however consider all forms of copper to be equally toxic. It is therefore important for water utilities that
utilize copper for algae control to work with state regulatory agencies to be certain that the copper water
quality standards adopted for the municipalities’ wastewater discharges properly focus on the control of
copper that leads to toxic forms in the receiving waters.

It has been found that several water utilities and agencies that use Delta waters as a raw water
source are experiencing significant algal related water quality problems, including tastes and odors, and
increases in tdhslomethane precursors. The preliminary calculations show that it may be possible to
significantly reduce the growth of algae in the Delta and in down-Delta water supply reservoirs as well as
the aqueduct system transporting waters from the Delta to the southern part of the state through limiting
phosphorus input to the Delta by treating domestic w-astewaters for phosphorus control.

A discussion is presented on the impacts of eutrophication of Lake Tahoe on the use of this
waterbody as a source of domestic water supply and on the approach that should be considered to
manage the excessive algal growths that are occurdJ~g within this waterbody that lead to water supply taste
and odor problems. The growth of algae in Lake Tahoe is limited by the nitrogen loads to the lake. These         --
loads have been increasing over the years. Nitrogen is primarily derived from atmosphed.~sources through
precipitation to the lake’s surface. The pdmary source of atmospheric nitrogen in the Ldke Tahoe basin
is automobile, bus, and truck engine exhaust discharge of NOx. It is also concluded that the fertilization
of lawns and other shrubbery, including golf courses, within the Lake Tahoe basin is leading to significant
growths of attached algae in the nearshore waters of the lake. The fertilizers are transported via
groundwater to the nearshorewaters of the lake. It appears that these growths may be contributing to the

Presented at University of California Water Resources Center Conference, "Protecting Water Supply Water
Quality at the Source,’ Sacramento, CA, Apnl 3-4, 1991. A condensed version of this paper will be
published in the proceedings of this conference.
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domestic water supply water qual’~7 problems that water utilities using Lake Tahoe water as a source have
been experiencing in the past few years. In order to protect domestic water supply water quality it is
recommended that water utir~les that utilize Lake Tahoe as a raw water source work aggressively toward
limiting automobile and other internal combustion engine vehicular traffic in the LakeTahoe basin. Further,
water utilities should also aggressively pursue banning all lawns and lawn and shrubbery fertilization within
the Lake Tahoe basin.

It has been found that the current implementation of regulations governing land disposal of wastes
in municipal landfills is not adequate to protect groundwater quality in Cal’~ornia. The current approach of
using plastic and compacted clay liners for landfills postpones the water pollution problems; it will not
prevent them. A guide is provided to municipal water utilities and agencies on the approach that they
should adopt, t_o provide for far greater groundwater quality protecticn from landfill leachate and other
sources of pollutants than is being achieved today.

Introduction

Municipal water utilities are facing ever increasing demands to improve finished water quality. This
situation is causing many water utilities to initiate new treatment processes or approaches as well as to
improve the performance of existing treatmentworks. These various improvements are adding to the cost
of producing a potable and palatable domestic water supply. Many water utilities are finding that increased
urbanization and industrialization of their water supply watersheds is causing increased contaminant loads
that must be removed in the treatment works. Both of the above mentioned factors are causing water
utilities and water quality regulatory agencies to consider the feasibility of controlling domestic water supply
water quality by controlling contaminant concentrations at the water supply source. This paper presents
an overview of the current information on some programs that have been, or could potentially be,
successful In improving domestic water supply raw water quality.

Eutrophication of Domestic Water Supply Lakes and Reservoirs

The eutrophication (excessive fertilization) of domestic water supply lakes and reservoirs is a well
known cause of water supply water quality deterioratbn. The growth of planktonic algae in domestic water
supplies is known to cause increased tastes and odors, shortened filter runs, increased chlorine demand,
increased turbidity, and, for some situations, increased trihalomethane (THM) precursors. Gilbert (1991)
reported that surveys taken of consumer satisfaction with a domestic water supply aesthetic quality found
that for the East Bay Municipal Water District, about_70 percent of the respondents indicated that they
found that their water supply aesthetic quality was satisfactory. For the San Francisco Bay region as a
whole, consumer satisfaction was about 35 percent. For the state as a whole, it was about 25 percent.
Since taste and odor problems are one of the primary causes of consumer dissatisfaction with water supply
water quality and since in California water supply taste and odor problems tend to be of algal origin, it is
clear that algal growth in surface water supplies in this as well as other states is a frequent cause of
significant algal-related taste and odor problems. For additional information on the impact of algae on        --
domestic water supply taste and odors and other water quality problems, consult Palmer (1959).

Controlling Algal Growth through the Use of Copper Sulfate

Many water utilities that depend on impounded surface water as a supply have for many years
been practicing algae control through the use of toxic chemicals, such as copper sulfate, to kill algae. It
is generally poss~le for water utilities through an aggressive raw water supply water quality monitoring
program to detect the early stages of an algal bloom (large number) before the algae develop in sufficient
numbers to cause serious raw water quality deterioration. At that time, it is possible to use copper sulfate
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to control the algal bloom before it develops to the degree that causes severe domestic water supply water
quality problems. Jones and Lee (1982) provided guidance to water utilities on the type of raw water
quality monitoring program involving the measurement of algal chlorophyll that water utilities st-~uld practice
in order to minimize water quality problems caused by excessive growths of algae.

With the efforts of the US EPA and many state water pollution control agencies to control toxic
chemicals in wastewater effluents, the use of copper sulfate as an algicide in domestic water supply
reservoirs is being increasingly questioned as a result of some municipalities, such as New York City,
finding that the pdmary source of copper in the City’s wastewaters and New York Harbor is its use for algae
control in its water supply reservoirs. A similar situation appears to be occurring in South San Francisco
Bay where "excessive" concentrations of copper are being found in Bay waters compared to US EPA water
quality criteria and state of Califomia proposed water quality objectives. It is alleged thet this copper is
derived at least in part from the use of copper as an algicide in water supply reservoirs for communities
that discharge their wastewatersto the Bay. It is now becoming apparent that the continued use of copper
sulfate for algae control wll have to be much more judiciously practiced than has occurred in the past
where the residual copper cannot be carded to any significa~ extent into the distribution system and
thereby become part of the city’s wastewater discharges.

An important aspect of this situation that should be considered is that in both New York Harbor
and South San Francisco Bay, the ’excessive" copper compared to aquatic life water quality criteda and
standards is non.toxic to sensitive forms of aquatic life. Such a situation can read~ lead to water utilities
having to reduce the use of copper for algae control in the name of protecting aquatic life in receiving
waters for the wastewater discharges, yet have little or no impact on aquatic life in the receiving waters for
the copper derived from municipal water utility use. This is a result of the fact that copper exists in a Variety
of chemical forms, only some of which are toxic to aquatic life. Certain waterbodies, such as shallow
madne bays, tend to convert copper to nontoxic forms.

The above described situation as well as other similar situations, where chemicals used in water
treatment practices are becoming pollutants in receiving waters, will require that water utilities take a much
more aggressive approach toward helping to develop technically valid, cost-effective water quality criteria
and standards-objectives. The State Water Resources Control Board staff has proposed the use of US
EPA water quality criteria as a basis for state water quality objectives. As discussed by Lee and Jones
(1990), such criteria are based on worst case or nearly worst case assumptions and therefore in most
situations are overly protective of aquatic life compared to what could be achieved if more appropriate
criteria and objectives were utilized.

Because of the concern about the toxicity of copper to aquatic life in lakes and reservoirs used for
recreational purposes and/or the cost of treating some lakes and reservoirs with copper sulfate, many water
utilities could not or do not practice algal control through controlling algal blooms with copper suffate.
While typical eutrophication control programs based on reduction of algal nutrient input to a lake or
reservoir that have been adopted across the US focused primarily on managing the impacts of algae on
recreational use of the waters where the algal related problems were floating scum, decaying algae on the
beach, malodorous conditions, low light penetration, dissolved oxygen depletion in hypolimnetic (bottom)
waters, fish kills, etc., one of the benefits of such programs has been improvement in the domestic water
supply raw water quar=ty. With increasing constraints on water utilities’ use of copper sulfate, water utilities
should give greater consideration to controlling algal growth in their lake or reservoir water supply by
r~niting algal nutrients added to the waterbody from its watershed.

In the early 1980’s, Lee and Jones, working through the American Water Works Association Quality
Control in Reservoirs Committee, attempted to have the manager of the US EPA’s "Clean Lakes Program"
include within the scope of this program the protection and improvement of domestic water supply raw
water quality. The manager of the program at that time in Washington, DC indicated that this was
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inappropriate. Subsequently, however, under new management, the program apparently considers the
benefits of improving domestic water supply raw water quality as part of the justification for lake remedlation
programs supported by the agency. This situation may provide the opportunity for water utilities to gain.
some funding from federal and state sources for nutrient control programs.

Lee and Jones (1988a) presented a comprehensive review on the North Amedcan experience in
eutrophication control through phosphorus management. As they discussed, with few exceptions, it has
generally been found throughout the world that controlling the phosphorus input to a freshwater lake or
reservoir can, if practiced to a sufficient extent, reduce the amount of algae that would develop in the
waterbody. Since typically algal related domestic water supply water quarcy problems are related to the
numbers of algae present, reducing algal biomass in a water supply reservoir is in the direction of reducing
domestic water supply raw water quality problems due to algae. There are, however, significant differences
in the ability of various types of algae to cause domestic water supply water quality problems. Certain
types of algae are well known for their highly obnoxious, ven~ potent odors associated with their presence
in a water;, this is especially true for certain blue-green algae which are known to have odors that are
characterized as ’pig-pe~. like. Normally, however, it is found that reducing the overall nutrient
(phosphorus) loads to a lake or reservoir tends to be in the direction of not only reducing total algal
biomass, but also reducing the frequency and severity of highly obnoxious algal blooms. For further
discussion of this topic, consult Lee (1973).

Lake Tahoe Water Quarry

The use of Lake Tahoe as a domestic water supply source provides an unusual example of the
potential involvement of water ut~T~les in managing eutrophication of a lake or reservoir through limiting
nutdent inputs to the waterbody. Recently the authors have completed a review of the av~u~ble information
on the factors controlling algal related water quality in Lake Tahoe (Jones and Lee, 1990). The majodty of
this data was developed by Dr. Goldman and his associates at the University of California at Davis and the
Lake Tahoe Research Group. It was found that both the phytoplankton (open water suspended algae) and
the pedphyton (nearshore attached algae) have been increasing in r~.=rnbers with a concomitant adverse
impact on the lake’s water quality. Based on decreased Secchi depth (water clarity) and primary
productivity, the numbers of planktonic algae have been increasing significantly in the open waters of the
lake. (See Figures 1 and 2.) Similarly, although not as well documented, increased growth of pedphyton
is occurring in nearshore waters.

Lee, et _al., (1978) and Rast and Lee (1978) developed a relationship between planktonic algal
chlorophyll in lakes and reservoirs and Secchi depth where increased algae causes reduced light
penetration. It is clear from the data of Goldman and others that while Lake Tahoe is uitra-oligotrophic and
is one of the clearest lakes in the world, increased alg~d growth is occurring in this lake that is significantly
reducing light penetration in the water column.

Dudng the past several years some water ut=T~les using Lake Tahoe as a raw water source have
been experiencing significant problems with algal related tastes and odors. At this time it is not clear
whether the problem is due to planktonic algae or attached algae that have broken off from their        --
attachment or a combination of both. Some water utility personnel feel that this problem may have been
exacerbated by the low water levels that have occurred in Lake Tahoe over the last few years. Additional
work will have to be done to determine the relative role of planktonic algae, attached algae, and low water
levels to sort out the specific causes of the taste and odor problems.
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Figure 1
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Rgure 2

Increase in Lake Tahoe’s
Primary Productivity

(After Goldman, 19881
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In the review by Jones and Lee (1990) it was found that the growth of planktonic algae in the lake
is primarily controlled by the input of nitrogen to the lake. Using the techniques described by Jones and
Lee (1986) and Rast and Lee (1984) to determine sources of nutrients for the lake, Jones and Lee (1990)
concluded that the prima~ source of nitrogen which is stimulating algal growth is from the atmosphere and
that based on the NOx emissions from vehicular exhausts in the Lake Tahoe Basin, it is concluded that
automobile, bus, and truck traffic within the Lake Tahoe watershed is the pdmary source of nitrogen that
is causing the increased algal growth in the lake.

Table 1 presents estimated nitrogen loads for Lake Tahoe for about 1950 (predevelopment)
conditions and today. The predevelopment nitrogen loads to Lake Tahoe are estimated to be about 7
metric tons per year while today the total nitrogen load is about 100 metric tons per year. The most
significant inc.re_ase has been in the atmospheric nitrogen sources with direct precipitation on the lake’s
surfaces being the pdmary source of nitrogen for the lake. According to the Air Resources Control Board
(1987) data (Table 2), vehicular traffic contributes about 2,500 metric tons per year of NOx to the
atmosphere. This is equivalent to about 700 metric tons of nitrogen per year. It is therefore evident that
automobile, truck, and bus exhaust disch~rgee of NOx are highly significant sources of nitrogen for Lake
Tahoe.

Jones and Lee also concluded that the Lake Tahoe Regional Planning Agency’s (TRPA) Individual
Parcel Evaluation System (IPES), which is being used to control population growth in the basin, is
technically invalid and is not protecting the lake’s water quality. The IPES score is a growth
mechanism used by TRPA for the purpose of protecting lake water quality. The IPES score on a property
is not related to the amount of nitrogen or, for that matter, other forms of algal available nutrients that
ultimately reach the lake from that property. Jones and Lee recommended that in order to begin to
effectively slow down the rate of deterioration of the lake water quality that is related to algal growth in the
open and nearshore waters of the lake, aggressive action should be immediately taken toward greatly
reducing, if not essentially eliminating, the use of internal combustion engine based automobiles, trucks,
and buses within the Lake Tahoe watershed.

Jones and Lee also concluded, based on the work of others and personal observations, that part
of the pedphyton growing in the lake is due to nutrients derived from fertilizers used on lawns and
shrubbery, including goff courses, etc. A significant part of the fertilizers used for landscaping purposes
by public and private interests is being carded by groundwater to the nearshore waters of the lake where
it stimulates pedphyton growth in the region where the groundwaters enter the lake as submerged springs.
Jones and Lee recommended tl~t all lawns, including golf courses, and fertil’Bed shrubbery be banned in
the Lake Tahoe watershed. The basin should be allowed to return to native vegetation that does not
require fertilization and/or irrigation.             _

While at this time domestic wastewater disposal is not allowed within the Lake Tahoe watershed,
Le., the system is sewered with the wastewaters exported out of the watershed, it is highly I~ely that
previous wastewater disposal practices could be sign’~P..ant sources of nutrients for some nearshore areas
of Lake Tahoe contributing to localized algal related problems in these areas. Nutrients derived from the
previous use of septic tank wastewater disposal systems and wastewater spray irrigation disposal systems        -
are, or could be, signir~..ant sources of nutrients which stimulate algal growth in some parts of the
nearshore waters of Lake Tahoe. Jones and Lee suggested that additional work needs to be done to
determine the potential significance of past wastewater disposal practices within the Lake Tahoe Basin as
a source of nutrients for nearshore water quality problems, ff there is interest in controlling excessive
pedphyton growth in a particular part of the nearshora area of the lake where the nutrients contributing to
the excessive growth in that region are signirK~antly derived from past wastewater disposal practices, it may
become necessary to intercept the groundwater before it reaches the lake by pumping and treating the
groundwater to remove the nutrients.
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Table

Lake Tahoe
Estimated N Load

(tonnes N/yr)
Alter Jones and Lee, (1990)

Source Pro-Development Now

Atmosphere - onto
Lake Surfac,e 2.5

Surface Water
Runoff 4 1 6

Groundwater 0.5 2

Total N Loads 7 1 18



Table 2                                                     ~’

Estimated Contributions of NOX
from Motor Vehicles

After Jones and Lee, (1990)

tonne NOX/yr

Automobiles , 800 :
, ~.

Light & Medium Trucks 630 ’~

Heavy Duty Trucks 11 60

Total 2500

Source: Air Resources Control Board, 1987



If the algal tastes and odors continue to persist, the water util’fdes using Lake Tahoe as a source
should become proponents of significantly curtailing internal combustion engine loased vehicular traffic
within the Lake Tahoe Basin and eliminating the use of lawn and shrubbery fertilizers and irrigation within
the basin as part of a domestic water supply source water quality control program. There can be little
doubt that, if aggressive action is not taken in the near future in these areas, the frequency and severity
of algal caused tastes and odors and other domestic water supply water quality problems will increase.

Impact of Water Supply Intake Location on Water Quality

Lee and Harlin (1965) discussed the benefits that water utilities could potentially develop in
improved raw water quality by having lake or reservoir intake works designed so that water can be taken
from various specif’~d depths at certain times during the year. For more eutrophic waterbodies, it is often
found that algal blooms tend to occur near the surface, where the numbers of algae and their potential
impact on raw water quality decrease significantly with depth~ This is especially true during the summer
months when the waterbody may be thermally stratiF~d. It therefore is possible that a water utility that has
the option of taking water at various depths in a lake or reservoir (see Figure 3) could significantly improve
the raw water quality that is influenced by algae by selecting water intake depth to minimize algal-related
problems, such as tastes and odors, shortened filter runs, THM precursors, and anoxic waters with the
associated elevated concentrations of iron, manganese, and sulfide. For such a program to be successful
however, the water utility will need to conduct a fairly intensive reservoir monitoring program to gain an
understanding of how raw water quality changes with depth at various times of the year and under various
meteorological conditions. Further information is provided on this topic by Lee and Hadin (1965).

Eutrophication of Rivers Used as Domestic Water Supplies

While the eutrophication of lakes and reservoirs’ impact on domestic water supply water quality and
its potential control by limiting phosphorus input to the waterbody are well known, the eutrophication of
rivers and its effects on domestic water supply water quality are not well understood. There is no question,
however, about the fact that algal growth in rivers can cause severe water quality problems for domestic
water supplies. Rivers frequently carry relatively large numbers of algae. The difference between rivers and
lakes and reservoirs however is that the algae present in a lake or reservoir are more read~ discernible
to the public because of the more quiescent conditions that typically exist in lakes and reservoirs compared
to the turbulent conditions that frequently occur in rivers. Further, many rivers tend to be highly turbid due
to inorganic turbidity derived from the transport of erosional materials. Such turbidity masks the presence
of algae and may under severe conditions limit their growth due to reduced r~ht penetration.

In some unpublished work by the senior author conducted on the upper Ohio River in 1960-61, it
was found that the passage of elevated concentrations of algae in the river by a water supply intake caused
the water utility to experience increased tastes and odors, shortened filter runs, etc. Slugs of algae that
were present in the Ohio River arose from growth in the river as well as growth in reservoirs that served
as the source of water for the river. If water utilities would monitor the planktonic algal chlorophyll in their _
river water supply and correlate this with algal related water quality problems, in many instances, they would
find sufficient correlation to cause considerable justification for controlling nutrient inputs to rivers from
upstream sources. There also may be sufficient justification in some situations to cause the managers of
head water reservoir systems to be cognizant of the fact that, if they release surface water from a reservoir
that has a high concentration of algae, this water may cause significant water quality problems for down
river utilities. It should be possible in many multiple reservoir management situations to include
consideration of domestic water supply water quality as it relates to algal growth in the reservoirs and the
release of reservoir water to the river in developing reservoir release programs.
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Figure 3

Selective Withdrawal from Water Supply Reservoir
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"PriM Precursor Sources and Their Control

One of the most signil~_,ant water quality problems for domestic water supply utilities that utilize
sudace waters as a source is the formation of THM’s in the waters disinfected by chlorine or other strong
oxidants, such as ozone in the presence of bromide. THM’s arise from chlorine (primarily free chlorine)
reacting with dissolved and particulate organic matter present in the raw water to form a group of low
molecular weight halogenated hydrocarbons, such as chloroform. In the presence of bromide in the raw
water, strong oxidants, such as free chlodne and ozone, oxidize the bromide to bromine. The bromine in
turn reacts in a similar manner to free chlorine, forming brominated THM’s.

The presence of bromide in a water supply is of particular signif’~.,ance as a THM precursor
because it is much heavier than chlorine and therefore, since the THM MCL (maximum contaminant level)
is based on a mass per volume concentration, a brominated THM is a much more important species than
its equivalent chlorinated form with respect to meeting the MCL It also appears that bromine may be a
more effective ha]ogenming agent them chlodne with the result that higher THM levels on a molar basis are
formed when bromide is present compared to when it is absent. Bromides are frequently associated with
seawater and bdnes. It is therefore obvious that water utilities with any sources of controllable bromide
within their raw water supply should aggressively require control of those sources to the maximum extent
possible.

Until recently, few water utilities determined the bromide concentration of the raw water supply with
the result that there is very limited information available today on the pollution of water supplies by bromide.
For seawater systems, the chloride to bromide ratio in accord with the law of constant relative proportions
is a fairly well-defined ratio of about 0.003. As a result, for freshwaters contaminated with seawater, such
as occurs in part of the San Joaquin-Sacramento River Delta (Delta), it is possible to estimate the bromide
concentration of the water based on the chloride concentration. For other sources of bromide, however,
such as an oil field or other brines, the seawater ratio may not be applicable to waters contaminated by
brines from other sources. Caution should therefore be exercised in a complex system such as the
Sacramento-San Joaquin River Delta system in assuming that all tributaries of the Delta have chlodde to
bromide ratios the same as seawater. While this could be the case, since the export of Delta water
contaminated with seawater results in some of this water being returned to the Delta through the San
Joaquin River system, it is important to verify, for this and other similar situations, that chloride
concentrations can be used to estimate the bromide content of the water.

There is considerable justification for limiting the amount of seawater that enters the Delta in order
to reduce the bromide input to this system and to reduce the potential for brominated THM formation. In
the fall of 1990, the Sta~e Water Resources Control Bo_ard Delta Municipal and Industrial Water Quality Work
Group made a recommendation to the California Water Resources Control Board to manage water quality
within the Delta system so that the freshwater outflows from the Delta to the San Francisco Bay system will
be sufficient to limit the saltwater migration into the Delta for the purpose of controlling the introduction of
bromide in the seawater into Delta waters that are exported or used directly for municipal water supply
sources. This is a highly justified source water quality control effort that is under review by the State Water
Resources Control Board at this time.                                                            --

Another example of a situation where bromide control in a source water was highly ~ustified
occurred in the work that the authors did with the Canadian River Municipal Water Authority, which util’B.ed
Lake Meredith in West Texas as a domestic water supply soume (Lee and Jones, 1983). This lake received
brine drainage to tributaries. This brine was derived from natural sources in the Canadian River watershed.
It contained elevated concentrations of bromide which led to elevated brominated THM’s in water supplies
that use Lake Meredith water as a source. Efforts were made by the Canadian River Municipal Water
Author’~ to control the amount of bdne input to the tributaries of the reservoir for the purpose of limiting
bdne, and specifically bromide, input to the waterbody.
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While it has been known for many years that controlling the concentration of organic precursors
of THM’s by their removal in treatment works can control THM concentrations, surprisingly little attention
has been given to attempting to understand, and where possible control, organic THM precursors at the
source. This is an area that deserves attention and that could be a potentially significant approach that
could be utilized by some water utilities for controlling excessive THM’s. The work of Randtke and his
associates (Randtke, et al., 1988) has provided some insight into the potential sources of THM precursors.
Table 3 presents a summary of Randtke, etal. data on the concentrations Of THM precursors as measured
in a standardized chlorination test (THMFP-trihalomethane formation potential) in vadous runoff.waters and
samples of effluents, etc. It is read~ apparent from this and other work that certain types of land use and
wastewater discharges are particularly significant sources of THM precursors. Randtke, et al. (1988) found
that while THM precursor concentration in waters from vadous sources varied greatly, the THM yield as
measured as THMFP concentration per mg carbon was remarkably constant. This points to the potential
that for many situations controlling the total organic carbon (TOC) content of the water is a potentially
reliable basis for controlling THM precursors. Obviously, there is need for additional study of the
applicability of the Randtke, et al. results to other areas to be certain that the relatively constant ratio that
they found between THM formation potential and TOC is found in other areas. There is some indication
in the literature that this may not be the case. Water utilities and water pollution control agencies would
therefore need to make an evaluation of this relationship of potentially significant sources of organic THM
precursors in their watersheds in order to determine if the THM precursor source control program could
be focused on controlling TOC discharge to waters that are tributary to the water supply source for the
water utility.

While THM organic precursors are derived from natural sources, such as decaying vegetation, etc.,
the activities of man through municipal and industrial wastewater discharges and agricultural run-off and
drainage can significantly increase the THM precursor concentrations in a water supply. If a much better
understanding existed of THM precursor sources and the amounts of precursors derived from various types
of land use, then it might be possible to develop approaches that could effectively reduce precursor input.
An example of this type of work is currently underway in the Delta by the California Department of Water
Resources (DWR) with a paper on the results of thJs work was presented by Woodard (1991). The DWR
study focuses on Delta sources of THM precursors. It, however, does not go far enough back into the
tributary sources of the Delta to understand the specific sources of THM precursors that exist in the major
tributaries to the Delta upstream of the Delta. It is clear from the Department of Water Resources
monitoring data (DWR, 1989) that a significant amount of THM organic precursors are brought into the
Delta from tributary sources to the Delta. DWR found that the five-year (1983-87) median (THMFP’s) at
Greene’s Landing on the Sacramento River was 260 ug/I.. At Vemalis on the San Joaquin River it was 450
ug/L, while the five-year median at the bank’s export point was 490 ug/L While it would be necessary to
actually compute input loads of THM organic precursors from the Sacramento and San Joaquin r’Ners
based on concentrations and flow data, it is clear that a significant amount of THMFP’s are added to the
Delta each year from Delta tributary sources and that a significant effort should be made to understand the
specific contributions of these various sources since it could lead to the development of control programs
that could influence THM formation in water supples that use the Delta as a water supply source. It is
therefore evident that the DWR current studies in this area should be expanded to include not only the
definition of in-Delta sources but also upstream of the Delta sources of THM organic precursors.

It has been known for some time from work in various parts of the US that waters in contact with
high organic soils, such as peat, which occur in some parts of the Delta, can have greatly elevated
concentrations of organic THM precursors. From a review of the Department of Water Resources’
monitoring data on waters added to and taken off of agricultural lands within the Delta, it has been found
by the authors that the waters diverted from the Delta channels to agricultural lands and then pumped back
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Tab|e 3

THM FORMATION POTENTIAL IN RUNOFF AND POINT-SOURCE SAMPLES

DOC TOC THMFP
Site Description mc~/L ~ ua/L

Urban-Commercial 17.8 67.0 1,152
Industrial Landfill 257.0 337.0 1,555
Construction Landfill 6.06 19.9 967
Terraced/Tiled Farmland 4.52 203.4 4,329
Non-terraced Farmland 4.92 7.55 400
Burned Bromegrass Land 6.39 7.93 409
No-till Farmland 4.72 7.09 482
Cattle Feedlot 64.1 382.7 13,482
Tilled Farmland 16.7 29.6 1,651
Swine Feedlot 13.0 26.5 1,383
Cattle Feedlot 71.1 122.5 4,747
Soybean Field 9.92 13.6 710
Corn Field 3.74 17.2 591
Corn Field - 13.4 17.3 1,008
Urban Construction 3.03 22.7 1,486
Urban Residential 5.12 6.99 395
Industrial Park 4.48 6.72 274
Shopping Center 3.09 5.22 268
Municipal Secondary Effluent 9.15 9.57 ~)4

(Activated Sludge)
Municipal Secondary Effluent 16.4 41.4 1,093

(Stabilization Pond)
Municipal Secondary Effluent 32.7 55.3 926

(Stabilization Pond)
Municipal Secondary Effluent 28.4 54.2 1,027

(Stabilization Pond)
Sanitary Landfill Runoff Pond 3.0 3.6 154
Refinery Effluent 26.9 42.0 2,071
Cellophane Manufacturing Effluent 5.4 8.3 272
Power Plant Cooling Water 7.0 8.4 315
Power Plant Cooling Water 7.0 7.8 340
Power Plant Ash Pond Influent 3.7 3.9 151
Power Plant Ash Pond Effluent 4.7 6.1 421
Electroplating Plant Effluent 9.4 10.7 156
Meat Packing House Effluent 16.1’ 20.8 819
Fertilizer Plant Wastewater Pond 11.2 16,2 242 ,.-

THM YIELDS OF RUNOFF SAMPLES
Average THMFP

Sample Group No. of Samples (umoles/mqC)
All Samples 18 0.37 _.+ 0.14
Urban Runoff 6 0.39 -i- 0.14
Agricultural Runoff 11 0.39 + 0.11
Feedlot Runoff 3 0.35 _.+ 0.07
Farmland Runoff 8 0.41 _.+ 0.12

After Randtke et at. (1987) 14
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to the channels will typically show a 1000 to 1500 ugiL increase in THM formation potential It is evident
from examination of the total dissolved solids (TDS) in the waters diverted from the channels to agricultural
lands and the waters pumped back to the channels from these lands, that there is about a 2 to 3-fold
evaporative concentration of salts on some of the agricultural lands within the Delta. This could mean that
on the order of half of the increase in THM precursors discharged from Delta agricultural lands to the
channels could be derived from evaporative concentration on the agricultural lands. The other half would
be derived from leaching from peat soils and any crop or other plant residues present in or on the soil.
it is likely that there is some change in the type of compounds that make up the organic precumors derived
from the agricultural lands due to sorption, microbial transformation, and desorption-solubilization
processes; and therefore, the chemical makeup of the dissolved organic carbon (DOC) added to
agricultural lands will likely be different from that discharged from them. This could affect the relationship
between DOC and THM formation potential since only a small part of the DOC is converted to THM’s
during disinfection processes involving chlodne or other strong oxidants in the presence of bromide.

It is recommended that an aggressive program be developed to reduce the amount of organic THM
precursors added to Delta waters from agricultural as well as other sources. The first step in developing
such a program ls to better understand the relative significance of each potentially sign~cant source for
the Delta in each of its major tributaries. This program should include determination of specific sources
of THM precursors that contribute more than about 10% of the total to a Delta tn~utary as well as within
the Delta. These sources should in turn be investigated to understand what are the specific sources of
THM precursors within the source and what potential control programs could be developed to reduco the
amount of THM precursors present in the raw water supplies for the utilities that utilize water from the Delta.
Similar kinds of programs should be conducted by water utilities throughout the country who face problems
with excessive THM formation.

Ultimately, it should be possible to develop THM precursor export coefficients similar to the export
coefficients that have been developed by Rast and Lee (1983) for nitrogen and phosphorus where certain
types of land use or drainage would be expected to contribute certain amounts of "RIM precursors on a
unit area per unit time basis. This would require determining the concentrations of THM precursors from
various types of sources at fairly frequent intervals of one to no more than two weeks over at least a one-
and preferably two-year time period while the flow of the source is also being measured. The objective of
such measurements would be to develop mass THMFP per hectare per year data for runoff samples. For
effluent samples, the total mass loading of THMFP’s per year would be determined. This could in turn be
potentially related to a population equivalent for municipal wastewaters which reflects the type and degree
of treatment provided by the treatment works. For industrial wastewaters, it should be possible to develop
a THMFP equivalent per unit of manufactured product or some other similar basis which relates the
westewater loads to industrial activity. It should b~_ read~ possible to determine a relationship between
TOC removal in a wastewater treatment plant for certain types of wastes and a THMFP removal ratio.

The development of THM precurspr export coefficients could be highly instrumental in having
regulatory agencies to start to control municipal, industrial, and agricultural activities that represent
significant sources of THM organic precursors for domestic water supplies. THM precursors in
wastewaters, urban and agricultural drainage, etc. will ultimately be considered pollutants that have to be
controlled through discharge permits in much the same way as other contaminants are being controlled
today. This situation w~ likely arise out of the fact that while in the past it has been possible to modify
disinfection practices to meet THM MCUs, in the future, this approach will not likely be possible. As a
result, it will become necessary to focus THM control on signif’K~antly reducing THM precursor sources for
domestic water supplies. For further information on this topic, consult Glaze (1991).
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Role of Algae as THM Precursor Sources

It has been known for many years that the chlorination of laboratory algal extracts can lead to higl~
concentrations of THM’s. This has caused a number of investigators, principally Hoehn and his associates
(Hoehn, et al.,. 1980) to investigate whether algae could be a significant source of THM precursors for
domestic water supplies. Hoehn has found high concentrations of THM precursors in the presence of algal
blooms in a reservoir in V’~’ginia. Randtke, et al. (1988) conducted a series of studies specif’m.ally designed
to examine the role that algae play in sewing as THM precursors for the waterbodies that they i .nvestigated.
They concluded that algae and other aquatic plants are not important sources of THM precursors in these
waters. It appeared from their work, that while the algae and higher aquatic plants could serve as a THM
precursor source, any precursors developed by or from them rapidly disappeared from the water.

It has- been reported by Lee (1973) that the eutrophication of Lake Mendota located in Madison,
Wisconsin that has occurred over the last 50 years or so has not changed the DOC of the lake water. At
least for this waterbody, the DOC is primarily derived from terrestrial, land-based sources rather than
aquatic plant, including algal, sources.

Walker (1983) has reported correlations between the phosphorus content of domestic water supply
lakes and reservoirs and the THM’s formed in these waters upon disinfection with chlorine. The impr~’.~tion
is that since the phosphorus content of the lake_ correlates with algal chlorophyll, the algae are an important
source of THM precursors. However, in the opinion of the authors, the correlation of p,%sphorus with
THM’s is spurious. It is likely that in many watersheds, phosphorus export from the land is correlated with
DO(3 export from the land. Therefore, Walker’s correlation approach cannot be judged as a valid
assessment approach for determining the role that algae play as THM precursor sources.

From the information in the literature and the authors’ experience, it appears now that it is important
to distinguish between terrestrial and aquatic plants as THM precursor sources. Wl~ile both terrestrial and
aquatic plants can serve as important sources of THM precursors, it appears that the aquatic plant (algae
and many macrophytes) produce THM precursors which are transitory-labile in aquatic systems. Terrestrial
vegetation, on the other hand, tends to produce THM precursors, some of which are highly refractory-
persistent in soils and aquatic systems. It has been suggested by Folan (1989) that this difference may
be related to the lignin content of terrestrial plants. Lignin appears to be converted to highly persistent
DOC. Since normally, aquatic plants have little or no lignin content, their decay, while initially produc~g
large amounts of THM precursors, upon further microbial transformations, produce decay products which
do not lead to THM formation.

While the literature on the persistence of algal:derived THM precursors is very limited, it appears
to the authors that at least under warm water conditions of 15°C or greater the algal-derived THM
precursors decay sufficiently in a few days to a week to non-precursor compounds. This dec~y would be
expected to be somewhat slower in cold waters. There is obvious need to conduct in-depth studies on
the formation and decay of algal.derived THM precursors in various types of aquatic systems of potential
importance to water utilities. Such studies will provide utilities with the information they need to determine
for their particular system whether THM precursors are derived at any time during the year to a significant        ’ -
extent from algal blooms in their raw water supply.

If a water utli’~y finds, which is likely to be the case for water utilities with highly eutrophic raw water
supplies, that algae represent a significant source of additional THM precursors, then there is additional
justir~ation for controlling algal populations through the use of nutrient (phosphorus and/or nitrogen) input
control. Further, it may be appropriate for some utilities to develop pre-treatment of their raw water by
biological means in order to bdng about the decay of the algal-derived THM precursors before disinfection.
This could be practiced by holding the water in the dark for a sufficient period of time to allow microbial
transformation of the algal-derived THM precursors. It is likely that gentle stirring of the water such as with
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large paddles used in flocculation basins could accelerate the growth of bacteria which would bring about
these transformations. It may be desirable to develop a modif’~=d version of a rotating biological contactor
used for wastewater treatment as a means of developing sufficient bacterial populations for pre-treatment
of the raw water. Such an approach would have a high probability of rapidly removing algal-derived
precursors without stimulating additional algal growth or other raw water quality problems.

Water utilities that have high THM precursor concentrations in their raw water and have algal
populations of greater than 10 to 20 ug/L planktonic algal chlorophyll in this raw water near the point of
intake should determine if a significant part of the THM precursors are lost upon aeration’and/or stirdng
of the water in the dark over a period of several days. If this occurs, then it may be possible to devise
systems to accelerate the decomposition of labile precursors and thereby reduce the precursor load on
the treatment works.

The Delta waters typically would be classified as moderately to highly eutrophic and would be
expected to have a variety of algal related domestic water supply water quality problems, such as tastes
and odors. It appears that the Contra Costa Water District and those whom this district supplies could
expect that at least part of their THM precursor concentrations at some times in the year am derived from
algae and therefore are potentially labile. This is an area that should be investigated since ultimately when
the control of THM precursors from peat soils and other activities within the Delta is practiced, it could be
that algae may become a very important part of the precursor sources for some of the water utilities
drawing water from the Delta.

Management of Excessive Fertilization in the Delta
and in Water Supply Reservoirs

A review of the State of California Department of Water Resources Delta monitoring data for the
period 1983through 1989 shows that the amount of planktonic algal chlorophyll present during the period
May through July at the Cl’~ton Court Forebay averages about 7 to 25 ug/L. Many of the values are in the
10 to 20 ug/l. range with some values exceeding 50 ug/L. As discussed below, algal growth within the
Delta is about what would be expected based on the aquatic plant nutrients (phosphorus) available for their
growth within the system. Based on the experience of the authors in relating planktonic algal chlorophyll
to domestic water supply water quarry problems, it is typically found that when the planktonic algal
chlorophyll exceeds around 7 to 10 ug/L that water utilities can experience significant algal related water
quality problems. It is well known (see Palmer, 1959) that algal related domestic water supply problems
depend on the specifio types of algae present. Some algae at planktonic algal chlorophyll concentrations
in the 20 or so ug/L range cause few problems other than shortening filter runs. On the other hand, some
algal blooms on the order of 5 to 10 ug/L chlorophyll cause severe taste and odor problems. Them are
situations, such as discussed above for Lake Tahoe, where taste and odor problems are found in water
supplies in which the planktonic algal chlorophyll is on the order of I ug/L Situations of this type appear
to be very rare, however. There is general agreement that any time the planktonic algal chlorophyll
concentration is above 25 ug/L, water utilities can expect to experience significant algal related water quality
problems. _

Based on the authors’ discussions on algal growth within the Delta system with various individuals,
it has been found that there is considerable confusion about how well the Delta grows algae compared to
what it should be doing based on its nutdent loads and characteristics. It has been found by the authors
that the amount of planktonic algal chlorophyll, as measured by the DWR Water Quality Surveillance
Program from 1983 to 1989, at the Clifton Court sampling station for the period May through July is in
reasonably good agreement with the amount of planktonic algal chlorophyll that would be expected at this
location based on the phosphorus content of the water at that location. The predicted planktonic algal
chlorophyll is on the order of 10 to 15 ug/L. The measured average values vary from 7 to 25 ug/L The
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predicted values are based on predictions by the use of the Vollenweider-OECD modeling relationship
discussed by Jones and Lee (1986). As discussed below, the Delta appears to have about a 30-day
hydraulic residence time dudng the summer months, and therefore, there is ample time for algae to develop
to the extent allowable based on the nutrients available.

It is clear from review of the DWR data that nitrogen is not the limiting element controlling algal
growth in the Delta. There are slgnif’~ntly surplus amounts of nitrogen compared to whet is needed to
support the amount of algal growth that is occurring. Further, from the work of the authors .(Jones and
Lee, 1986) it is clear that light is not a significant limiting factor in controlling algal growth within the Delta
over the control that light limitation has in controlling algal growth in other waterbodies, i.e., the color of
Delta waters is not sufficient to significantly affect the biomass of algae that develops in these waters based
on their nutdent content.

It is clear from these results that the Delta is growing algae in about the same way as waterbodies
located throughout the world grow algae relative to their phosphorus loads. This is not unexpected since
the stoichiometry (chemical composition) of algae is the same worldwide. The fact that some parts of
California have a more arid climate does not, as is sometimes asserted, cause algae in this area to be
different from algae in other areas of the world. It is also .clear that water utilities that use Delta water as
a raw water soume can expect to have algal related water qual’~ problems in their raw water supplies.
It would be e~q0ected that water utilities using Delta waters would experience significant taste and odor
problems and that there would be a potential for algal derived THM organic precursors in the ,’,vate~.

In addition to being concerned about algal derived tastes and odors and THM precursors for those
utilities who take water directly from the Delta and treat it shortly after extraction, concern should also be
focused on the development of algae in reservoirs that are used to store exported Delta water before its
use as a domestic water supply source. Under these conditions, it is possible that severe algal related raw
water quality problems could occur as a result of algae developing in the reservoir before the water is used
for domestic purposes. Some water utilities, such as the Santa Clara Water D~ have reported severe
algal related water quality problems in waters derived from reservoirs that werefilied with Delta water. This
distdct has found a good correlation between planktonic algal chlorophyll and taste and odor problems in
their raw water source. According to Means (1991), several of the Metropolitan Water District reservoirs,
such as Perris Reservoir, have experienced significant algal related taste and odor problems. Other
reservoirs in the Metropolitan Water District of Southern California (MWD) system heve, on occasion,
experienced similar problems.

Recently Karimi and Singer (1991) heve reported that S~er Lake Reservoir, which is part of the Los
Angeles Department of Water and Power (DWP) municipal water supply system, has significantly increased
algal derived THM’s. This situation arises from the chlorination of the reservoir water within the reservoir
for the purposes of controlling algal growth. According to Heyer (1991), the restrictions on the use of Mono
Lake tributary water as a water supply soume for DWP has resulted in having to use water supplied by the
MWD as a source. While the Mono Lake tributary water had low algal nutrients, the MWD water is derived
from the Delta and has a high algal nutdent content. According to Heyer, coincident with the switch from
Mono Lake tributary water to Delta water was an increase in the algal related water quality problems in
some of the DWP reservoirs. Since the algae that are developing in some of these reservoirs, such as
S~er Lake Reservoir, are not controllable by the addition of copper sulfate, this has caused DWP to initiate
chlorination of the whole reservoir for the purpose of attempting to control algal growth. Karimi and Singer
(1991) have found a correlation between the THM’s in this reservoir water and the algae present in the
water.

The S~er Lake Reservoir system is unusual because of the whole reservoir chlorination practice.
Under these conditions, the THM precursors, which are algal excretory and degradation products and the
algae themselves, are converted in the lake to THM’s. It therefore becomes an issue of how fast the THM’s
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present in the lake water dissipate rather than the dissipation of algal derived THM precursors discussed
above.

The algal related water quality problems, including increased algal derived THM’s, associated with
the use of Delta water as a raw water source raises the question of whether it would be possible to control
algal growth in the Delta as well as in off-Delta reservoirs filled all or in part with Delta water through the
use of nutrient control at their sources for and within the Delta.

As discussed by Lee and Jones (1988a), there are approximately 50 million people in the world
whose domestic wastawaters are being treated for phosphorus removal for control of algal related water
quality problems in lakes and reservoirs. This is a well established technology typically involving the
addition of alum (aluminum sulfate) as part of wastewater treatment to remove phosphorus by its
incorporation i_nto the alum floc. It is also possible to remove phosphorus through the use of biological
uptake, precipitation with iron salts, or with lime. All of these methods are effective and widely practiced.

Ordinarily, for treatment works treating over one million gallons per day, the total cost of 90-95%
phosphorus removal from domestic wastawaters is on the order of four cents per person per day
contributing wastawater to the treatment plant. It is therefore appropriate to investigate whether
phosphorus present in Delta waters used by water utilities as a raw water source is derived from readily
controllable sources such as domestic wastewaters discharged to Delta tributaries or within the Della.

In order to estimate whether phosphorus removed from domestic wastewater treatment plants
which contribute phosphorus to the Delta via tributaries or directly, it is necessary to estimate the total
phosphorus load that stimulates algal growth in the exported water. Since in normal precipitation years
the high winter-spring precipitation runoff and snow melt flows from the Sacramento and San Joaquin rivers
flush the Delta and since the algal related water quality problems associated with the use of Delta water
are typically summer problems, the potential bener~s for removing phosphorus from domestic wastewaters
contributed to tributaries of the Delta should be evaluated for the summer.

It is estimated, based on DWR data from vadous sources, that the average residence time of water
in the Delta dudng the summer months is about 30 days. This is based on an estimated volume of water
in the Delta of 1 x 10= rr~ and an estimated summer inflow of 15,000 cfs. It is, therefore, evident that during
the summer there is ample time for algae to develop in the Delta to the extent possible from the nutrients
(nitrogen and phosphorus) present in the river inflows to the Delta. Normally during summer months, about
two weeks is necessary for algae to use all the nutrients they wish to use to develop peak biomass based
on the characteristics of the waterbody.

It is possible that phosphorus added to the tributaries of the Delta during the fall, winter, and early
spring could become important in causing algal related water quality problems during the following summer
in a large reservoir that is filed with Delta waters principally derived from the Delta dudng the fall, winter,
and spring. Under these conditions, consideration should be given to year round phosphorus removal
from wastewaters and other sources should such removal be shown to have a potential benefit in reducing
algal related water quality problems for utilities using waters from that reservoir.

Since 1983, the Card=omia Department of Water Resources (DWR) has been conducting an
extensive monitoring program of Delta waters and its major tn"outaries (Le. DWR, 1986 and other years).
This monitoring program has included measurements of vadous nutrient species and planktonic algal
chlorophyll Based on review of this data, it is found that typically the concentrations of total phosphorus
in the waters at the Clifton Court Forebay, where the waters are principally exported from the Delta, is on
the order of 0.1 to 0.15 mg P/L. The typical tributary flow to the Delta dudng the summer months,
according to various DWR documents, is on the order of 15,000 cfs. Using this flow and phosphorus
concentrations, it is found that a total phosphorus load during the summer months of about 5 x 10~ kg
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P/day is needed to account for the phosphorus present at the Clifton Court Forebay.

This approach assumes that all waters exported or discharged from the Delta are of the same
composition as the waters at the Cl’~ton Court Forebay. A review of the DWR data shows that the
phosphorus content of the Sacramento River water near Point Sacramento and at Emmaton, both of which
are just above where the main channel of the Sacramento River starts to mix with seawater, shows that the
total phosphorus content of the water at this point is very similar to the phosphorus content at the Clifton
Court Forebay dudng the summer months. Therefore, the assumption that all exported or discharged water
from the Della has a composition similar to the Cl’~ton Court Forebay waters is reasonable.

Another approach to estimate the P load to the Delta is to determine the loads at Greene’s Landing
on the Sacramento River and Vemaiis on the San Joaquin River. Using DWR phosphorus data for the
summer i]t-these locations and typical summer flows for these rivers, it is found that the estimated
phosphorus load to the Delta is about 6 x 10~ kg P/day. Therefore, the Clifton Court P load data and the
Sacramento and San Joaquin River P load data at Greene’s Landing and Vemaiis, respectively, are in good
agreement. It therefore appears that, at least over the summer period, the processes that take place in
the Della that remove or add phosphorus to the water tend to balance out where the phosphorus load
input into the Delta is approximately equal to the phosphorus load exported and discharged from the Delta.

According to Rast and Lee (1983.), the typical phosphorus per capita contribution to domestic
wastewaters in the US is about I kg P/year. According to DWR Bulletin 160 in 1987, the Sacramento River
basin had about 1.87 million people and the San Joaquin River basin had about 1.18 million people.
Therefore, in these two river basins there are about 3 mill’~n people that could be contributing phosphorus
to domestic wastewatersthat ullimately enter tributaries of the Della. In addition, there are about 1.3 million
people in the Tulare Lake basin. However, in many years, the Tulare Lake basin does not contr~ute water
to the Della system. For the purposes of this review, it is assumed that the 1.3 mili’~n people in the Tulara
Lake basin do not contribute phosphorus to the Della during the summer months. It will also be assumed
that between 2.5 to 3 million people in the Sacramento and San Joaquin River watersheds contribute
phosphorus to the rivers or to tributaries of these rivers and ultimately into the Delta. Based on this
approach about 7 x I(:P kg P/day could be contributed to the Delta from domestic wastewater sources.
According to Arch~ald (1991), the average estimated domestic westewater flows to tributaries of the Della
is about 260 mgd (million gallons per day). Using 2.5 x 10a people as an estimate of the population
contributing wastewaters to the Della tributaries and an estimated per capita flow of about 100 gpd (gallons
per day), it is found that there is good agreement between the estimated domestic wastewater flow and
the average measured domestic wastewater flow.

The drainage basin for the Della is shown in Figure 4. According to WRCB (1990), the Sacramento
River drains 16,960,000 acres, the Central Sierra ~rea drains 2,432,000 acres, and the San Joaquin River
drains 7,040,O00acres. Therefore, there are approximately 26 million acres that can contribute phosphorus
to the Delta from land runoff above the Della. As reported by Rast and Lee (1984) (see Table 4), typically
forested and agricultural lands contribute from 0.005 to 0.05 g P/m=iyr. If it is assumed that the export of
phosphorus from land in the Delta drainage basin is 0.01 g P/rn=iyr, it is estimated that about 3 x 10= kg
P/day could be contributed by land runoff to the Della tributaries. This approach assumes that the amount
of phosphorus contributed from land runoff is equally partitioned for each day over the year. It is well
known that this is not the case. Phosphorus contributed from land runoff typically occurs during the high
runoff pedod in the late winter, early spring. It would be expected that except for some agricultural
drainage that most of the lands in the tributaries of the Della would contribute very little phosphorus to
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Figure 4

Central Slerra and Delta (SB), and San Joaquln (SC).Basins

After State Water Resources Control Board, (19g0)
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Table 4                                                             ~

Typical Nutrient Loads to
Lakes and Reservoirs

Land Use To tal P To tal N
(g/m ~/y r) (g/m ~/y r)

Urban     0.1     0.25
’

Rural/Agriculture 0.05 0.2
Forest 0.005 0.1

IAtmosphere 0.025 1.0

(After Rast and Lee, 1982)



these tributaries in the summer months.

Another factor that would tend to make the estimated phosphorus loads from land runoff high is
the fact that many of the headwaters of these tributaries contain reservoirs. Reservoirs tend to be efficient
traps for phosphorus. Ordinarily, on the order of 80% of the phosphorus entedng a reservoir is trapped
within the reservoir and becomes part of the reservoir sediments. It is therefore likely that a large part of
the phosphorus that would be derived from agricultural runoff above the reservoirs would not be
transported to the Delta.

In addition to phosphorus contributed to the Delta tributaries from land runoff and domestic
wastewater sources, consideration should be given to phosphorus sources within the Delta. There are two
principal sources of phosphorus within the Delta. One of these is wastewater discharges to Delta channel
waters and the other is drainage from the agricultural lands within the Delta. According to DWR (1989),
there are approximately 200,000 people living in the Delta system. If all of the phosphorus in the domestic
wastewaters from these people were discharged to the Delta channels, it would represent an insignificant
additional source of phosphorus for the Delta. It appears, however, that a very small fraction of the
wastewaters associated with this population are discharged to Delta channels that could represent a source
of phosphorus for the waters exported from the Delta in the State Water Project. According to Archibald
(1991), approximately 14,500 people living within the Delta discharge wastewaters to the Delta. It is
therefore concluded that domestic wastewater sources of phosphorus for the Delta are insignit’~ant sources
of phosphorus for the Delta.            -

According to DWR (1989), there are about 520,000 acres of agricultural land within the Delta.
These lands are fertilized for agricultural crop production. It would be expected that part of this fertilizer
would be present in the agricultural drains from the Delta islands. If it is assumed that the phosphorus
export coefficients from the Delta island agricultural activities is 0.1 g P/m=/yr (a high value for most
agriculture), it is found that the Delta island agricultural activities could potentially contribute on the order
of 1 x 10~ kg P/day to Delta channel waters.

Agee (1991) provided the authors with some DWR monitoring data for the phosphorus content of
agricultural drains from Empire Island within the Delta. This data covered about 2.5 years of sampling
dudng the pedod 1987-89. While the phosphorus concentration values in the drainage water were highly
variable, the average of the 30 values is 0.13 mg P/L. It is therefore evident that, at least for Empire Island,
the amount of phosphorus in the agricultural drainage water is about the same as the phosphorus diverted
from the channels to this island. Therefore, since the load of phosphorus exported at the Clifton Court
Forebay and discharged from the main stem of the Sacramento River to the San Francisco Bay system is
approximately equal to the amount of phosphorus contributed to the Delta at Greene’s Landing and
Vemalis on the Sacramento and San Joaquln rivers, respectively, and since there are no obvious potentially
large sources of phosphorus within the Delta other than agricultural drainage and since the agdcuitural
drainage data does not show high phosphorus content compared to the Delta channel waters, it is
concluded that phosphorus sources within the Delta are insignificant compared to phosphorus sources in
the tributaries to the Delta.

It is, therefore, evident that the amount of phosphorus contributed from land runoff to the Delta
tributaries during the summer months is insignificant compared to the amount of phosphorus derived from
domestic wastewater sources which are discharged to the tributaries of the Delta. While these estimates
are based on general overall characteristics of the Delta and its tributaP~s, it is clear that a substantial part
of the summer phosphorus load to the Delta could be derived from domestic wastewaters discharged to
tributaries of the Delta. These estimates indicate that domestic wastewater sources of phosphorus for the
Delta could be a significant part of the total P load. Therefore, it is appropriate to pursue refining the
estimates of the potential benef’ts of controlling phosphorus in domestic wastewaters on algal related water
quality problems for water utilities that use Delta water as a raw water source. The authors are in the
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process of obtaining additional data that could be used for this purpose.

As discussed by Jones and Lee (1986), it is important to evaluate whether at least 25% of the total
P load for a particular waterbody is controllable in order to ascertain whether phosphorus control programs
would likely produce some benefit in reduced algal biomass. It is now well established that at least this
amount of phosphorus must be removed in order to cause a discemible change in algal biomass. It is
highly inappropriate to assert, as has been done by those not familiar with the results of eutrophication
management programs, that in order to produce an improvement in eutrophication related water quality,
it is necessary to reduce the planktonic algal chlorophyll to less than about 5 ug/L It is well known from
actual expedenoe in many waterbodles where phosphorus input control has been practiced that significant
benefits in both recreational and domestic water supply water quai’~y have been found whenever on the
order of 25% or so of the total available phosphorus load is controlled. The improvements in water quality
occur indepe.ndent of the trophic state (chlorophyll concentration) of the waterbody. The 5 ug/L chlorophyll
level value is based solely on improving the aigai related water clarity (Secchi depth) for recreational use
and has little or nothing to do with domestic water supply raw water quality or, for that matter, many of the
other recreational impacts of eutrophication such as the frequency and severity of obnoxious algal blooms
that occur in a waterbody.

It is important in making the evaluation of P loads tO the Delta to focus on the control of those loads
that lead to algal available P in the waterbodles where there is conoem about algal impacts on domestic
water supply water quality. As discussed by Lee et aL (1980), there are a vadety of chemical and biological
processes that take place in aquatic systems that convert algal available forms of phosphorus into non-
available forms and vice versa. Typically, however, In rivers and in aquatic systems like the Delta the net
corN.ersion would likely be toward forms not available to support algal growth. It would therefore be
important to conduct in-depth studies of the aqueous environmental chemistry of phosphorus in the
tributaries to the Delta, within the Delta, the water export systems from the Delta, and within any off-Delta
reeservoirs in order to focus the phosphorus control programs on those parts of the phosphorus which are
responsible for stimulating algal growth. Well established methodologies are available today to determine
algal available phosphorus. For further information on this topic, consult Lee et _al. (1980).

An additional source of phosphorus for domestic water supply reservoirs in the central and
southern part of the state is the irrigation return water that entere the aqueduct system that transports water
to the south and directly into some reservoirs that are part of this system. At this time the authors do not
have data on the phosphorus content of the waters entedng various reservoirs in the southern part of the
state where algal related water quality problems have been found. If such data does not now exist, it
should be developed in order to ascertain whether there are significant sources of algal available
phosphorus that could stimulate algal growth in reservoirs in the southern part of the state. If significant
sources of this type exist, then phosphorus control programs should be considered for these sources. The
direct addition of alum to these waters may be a highly cost effective way of removing phosphorus from
sources of this type (see Lee, 1973).

According to Means (1991), significant algal populations are found in the aqueduct system
transporting Delta waters to the south. As part of developing algal control programs, consideration should
be given to the role that algae that develop in the aqueduct play in causing algal related water quality
problems to the water utilities that use aqueduct waters as a source.

It is important to understand that the frequently used approaches for estimating whether nitrogen
or phosphorus is limiting algal growth in a lake or reservoir are often inappropriate. Attempts to look at
total phosphorus/nitrate ratios for estimating nutrient limitations are unreliable for estimating the impact of
aitedng phosphorus loads to a waterbody on the planktonic algal growth that occur within the waterbody.
As discussed by Lee and Jones (1981) in an AWWA Quality Control in Reservoirs Committee report, in
order for nitrogen or phosphorus to limit the biomass of algae that develops in a waterbody, the
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concentrations of available forms must be below growth rate limiting concentrations at peak biomass when
there is concern about algal related water quality problems. Ratios of nutrients are unreliable predictors
of algal limiting nutrients and can readily lead to erroneous conclusions about the potential benef~s of
controlling nitrogen or phosphorus inputs to a waterbody on reducing algal related water quality problems.

Rast et a_.L (1983) have shown that even though the growth rate of algae in a waterbody is not
controlled by phosphorus, it is possible to use the Vollenweider-OECD modeling relationships described
by Jones and Lee (1986) to predict the potential banefits of controlling phosphorus input to a certain
degree on the algal related water quality of a waterbody. As discussed by Jones and Lee (1986) and Rast
et a/. (1983), the Vollenweider-OECD and post-OECD database, which now exceeds over 500 waterbodies
located in various parts of the world (see Figure 5), shows tl~t changing the phosphorus load to a
waterbody produces in most waterbodies a readily predictable change in the planktonic algal chlorophyll
concentration that developed in the summer within the waterbody. This relationship holds even though
phosphorus is ~not an algal growth rate limiting element in the waterbody, i.e., phosphorus is surplus
compared to algal needs. This appears to be the case throughout the Delta system and in down-Delta
reservoirs.

Figure 5 shows that them is a relationship between the normalized phosphorus loads to a
waterbody and the planktonic algal chlorophyll that develops within the waterbody. The normalizing factors
are the waterbody’s mean depth and hydraulic residence time. "l"ne abscissa term in Figure 5 includes L(P)
which is equal to the areal annual P load in mg P/m=/yr) divided by the q, which is the mean depth divided
by the hydraulic residence time (1", in years) in m/yr. The mean depth of the waterbody is the volume of
the waterbody divided by its surface area. The hydraulic residence time is the volume of the waterbody
divided by the annual inflow rate. The abscissa normalizing term has been found to be approximately equal
to the annual phosphorus concentration in the waterbody. Therefore, the relationship shown in Figure 5,
in its most basic terms, is simply a statement of algal stoichiometry in which them is a correlation between
the phosphorus concentration in a waterbody and the algal growth that occurs in the waterbody. While this
relationship is not applicable to all waterbodies, it is applicable to well over 80% of the world’s freshwater
waterbodies. Jones and Lee (1986) provide guidance on how to determine its applicability to a particular
waterbody.

In order for the growth of algae in a waterbody to be proportional to the available phosphorus
concentrations in the water, even though phosphorus is not limiting their rate of growth, it is necessary that
all other nutrients needed by the algae be present in surplus amounts compared to algal needs. The
chemical of typical concern in this regard is nitrogen in the form of nitrate and/or ammonia. The DWR
monitoring data for the Delta waters shows that nitrogen is not limiting algal growth in these waters.
Further, since algal growth in the Delta is about equal to what is predicted based on phosphorus
chlorophyll relationships for waterbodies located throu_ghout the world, it appears that all other elements
needed for algal growth are present in sufficient concentrations to allow growth to the extent possible
based on the characteristics of the Delta and the phosphorus loads.

From the information avai~le at this time, it appears that phosphorus should be added to the list
of contaminants of Delta system waters that should be investigated for the possible development of control
programs. There is a potential for such programs tO significantly improve the algal related tastes and odors
and other domestic water supply water quality problems, including THM precursor formation, through
phosphorus control in the Delta system and its tributaries. Such control programs could affect domestic
water supply water quality for many millions of people in California.
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¯ Figure 5

Relationship between Normalized P Loading and
Chlorophyll in Lakes and Reservoirs World-Wide

After Jones and Lee, (1986)                          ..~
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One of the potential consequences of phosphorus control for tributaries of the Della and in the
Della is the decreased F~sh production within the Della. Jones and Lee (1986) have reported a strong,
highly significant relationship between the phosphorus loads to waterbodies located in various parts of the
world and the r~sh production within these waterbodles (see Figure 6). Basically, the relationship is one of
increased primary production (algae) in lakes and reservoirs resulling in increased secondary (zooplankton)
and tertiary (fish) production. Since the primary productivity and algal blomass in many lakes and
reservoirs, as well as other waterbodies, is correlated with the phosphorus concentration within the
waterbody and since phosphorus concentrations within the waterbody can be correlated with phosphorus
loads when normalized by the waterbodias’ hydrological and morphological characteristics, it is not
surprising that a relationship is found between normalized phosphorus loads in lakes and reservoirs located
in various parts of the world and fish production. Therefore, decreasing the phosphorus loads to the Della
will likely decrease the fish production within the Delta.

Using the relationship developed by Jones and Lee (1986), between normalized phosphorus loads
and fish production, it is found that in the range of planktonic algal chlorophylls of concern within the Della
system that a 50% reduction in the phosphorus load to the Delta would be expected to decrease fLsh
production by 40 to 60% dependent upon the planktonic algal chlorophyll concentration. While there may
be some who assert that decreasing phosphorus loads to the Della system should not be practiced
because Of the adverse effects on the fisheries of the Della, it is clear that the problems of the fisheries of
the Della are not fish food supply related and therefore controlling phosphorus inputs will likely have little
or no impact on t’~h production for the fish species Of pdmary concern in the Della, such as striped bass.
Phosphorus control, however, will almost certainly have an impact on the rough fish population, such as
carp.

It is, therefore, concluded that because of the importance of the Della as a water supply source
for two-thirds of the population of California that a much greater effort should be devoted to source water
quality control for contaminants that either directly or indirectly, as in the case of phosphorus, cause
significant water quality problems for water utilities that use Della waters as a source of supply.
Understanding the specific sources of various contaminants and investigating the potential for control of
these contaminants at the source could be significantly beneficial in improving domestic water supply water
quality for many of the people in California.

Management of Eutrophication

Lee and Jones, through their activities in the AWWA Quality Control in Reservoirs Committee,
developed a report that was reviewed and approved by the committee which serves as a guide to water
utilities on the approaches that should be considered in evaluating whether phosphorus control from
watershed sources could be a potential benefit in improving a water utility’s domestic water supply raw
water quality. Additional information on this topic is provided by Lee and Jones (1984a, 1988b) and Jones
and Lee (1986). An example of the application of the evaluation of the potential benefits in controlling
phosphorus loads to a domestic water supply reservoir is provided for Lake Ray Hubbard, a city of Dallas,
Texas water supply reservoir, by Archibald and Lee (1981).

There are a variety of techniques that have been used with success in some locations for
management of eutrophication of waterbodles. Generally, the utility of these approaches has been judged
based on improvement of recreational uses of the water. Thus far, inadequate attention has been given
to the improvement of domestic water supply raw water quality. A review of the various techniques that
have been used for managing eutrophication has been published by Lee (1973) and by Cooke et aL
(19S6).
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While there are several techniques, such as aeration, dredging, manipulation of fish and other
aquatic organism populations, aquatic weed harvesting, etc., that have been used with some success for
managing eutrophication related recreational impacts in lakes and reservoirs, it is questionable whether
many of these techniques have applicability to significantly improving domestic water supply eutrophication
related water quality. For example, one of the techniques that is often said to be beneFmial for managing
eutrophication related water quality in lakes and reservoirs is aeration-destratiFv’..ationof the waterbody. This
technique, however, does not necessarily improve eutrophication related water quality for recreational and
domestic water supply uses.

The value of aeration of reservoirs in improving domestic water supply water quality was reviewed
by the AWWA Quality Control in Reservoirs Committee. This committee reported that after extensive review
of the data available, there were sedous questions as to whether aeration of a water supply reservoir would
improve water quality. It was found that in some water supply reservoirs, aeration caused greater algal
related water quality problems than occurred in the unaerated reservoirs. This situation is to be expected
in stratified reservoirs where the thermocline serves as an effective barrier to nutdent regeneration and
transport from the deeper waters of the lake to the surface waters where the algae develop. The aeration-
destratification of a water supply reservoir, however, should be evaluated cautiously. It appears that in
some instances, but not all, there are benefits in domestic water supply water quality associated with
aeration-destratificationof the waterbody. As discussed by Lee (1973), hypolimnetic aeration of reservoirs
in which destratification does not occur has been found to be an effective method of improving the
domestic water supply water quality of hypolirnnetic waters.

It is important for water utilities that are facing eutrophication related water quality problems to focus
their efforts to the greatest extent possible on controlling algal nutrients. Efforts to control eutrophication
by other methods must be carefully evaluated.

Control of Hazardous and Other Chemicals

Typically, water utilities and regulatory agencies conduct fairly effective programs for control of
hazardous contaminants, such as heavy metals, pesticides, etc., that can cause significant water quality
problems in domestic water supply. Usually, such problems are detected through the routine monitoring
that is done by the utility and regulatory agencies. When excessive concentrations of a contaminant are
found, it is usually relatively straightforward to develop control programs for that contaminant from the
particular source(s). It is important to point out, however, that the rout~e monitoring programs that are
typically conducted by water utilities and regulatory agencies measure only a small number of the
potentially significant chemicals that can be present in an urbanized-industrialized watershed. While water
pollution, air pollution, and solid and hazardous waste management programs are becoming more effective
in controlling the discharge of known, highly hazardous chemicals, such as the pdority pollutants, water
utilities should go beyond the routine monitoring to critically evaluate whether there are other sources of
chemicals in their watershed that could degrade domestic water supply water quality. Basically, water
utilities should become highly pro-active toward protection of their water supply sources from allchemicals
that could be adverse to providing a potable and palatable water. ¯ _

Groundwater Quality Protection

Many water utilities, especially in California, have all or parts of their domestic water supply based
on groundwater sources. Some communities, such as Pittsburg, California, even though they have 100%
of their normal domestic supply provided by surface water sources, have installed standby well(s) as an
emergency supply during drought or other conditions which would interrupt the surface supply source.
The current drought has emphasized the importance of a highly developed, coordinated conjunctive use
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program in the state of California, where during wet years, surplus surface water is recharged into
groundwater basins. This recharged water would then be available for use during future droughts. This
drought has also pointed to the extreme importance of protecting groundwater and groundwater aquifer
quality. For many years, the state of California has I~d regulations which proh~it activities that can lead’
to groundwater pollution. It is the experience of the authors, however, that over the years, including today,
these regulations are not being adequately implemented with the result that groundwater pollution is stgl
occurring at a signif’m.ant rate in vadous parts of the state. In many cases, such as those associated with
municipal and some industrial solid waste disposal by land burial, the groundwater pollution is not only
destroying the use of the water for domestic and some other purposes, but is also destroying the use of
parts of the aquifer for conjunctive use storage. It is therefore important that every possible step be taken
to protect groundwater aquifer systems from immediate as well as long-term pollution.

One of the most potentially significant sources of groundwater pollution for waters that could be
used for domestic water supply purposes is by municipal landfill leachate. US EPA estimates that there
are on the order of 75,000 landfills in the US with over 75% of them polluting groundwaters at this time.
In California, the regional and State Water Resources Control Boards as part of their Solid Waste
Assessment Test Annual Report to the legislature concluded that of the approximately 300 landfills in the
state investigated thus far, over 80% of them are polluting groundwaters. While existing groundwater
pollution by municipal and industrial landfills is occurring from unlined landfills, the clay and membrane lined
landfills of the type being constructed today (’dry tombs’) are widely recognized as simply postponing the
problems of groundwater pollution by landfill le-achate. Ultimately, as discussed by Lee and Jones (1991),
the landfill cover will fail to keep moisture out of the landfill and the landfill liners will f~] to keep leachate
from polluting groundwaters.

Table 5 presents information on the typical composition of municipal landfill leachate for the
common contaminants. Typically municipal landfill leachate must be diluted at least a thousand-fold and
more commonly over ten-thousand-fold before groundwaters contaminated by such leachate would be
considered to comply with ddnking water standards (MCUs) from known leachate constituents. Since very
limited dilution of contaminants occurs in groundwater, it is evident that municipal le~:lfill leachate
represents a highly significant threat to domestic water supply water quality. The US EPA (1988) has
determined that when a groundwater well is contaminated by municipal landfill leachate that it is appropriate
to assume that the well has to be abandoned and a new well be constructed in a different aquifer or at a
sufficiently distant location so that it will not intercept any groundwaters contaminated by leachate. This
situation arises from the fact that contaminants in municipal landfill leachate are of such a nature as to make
it impossible to be removed from the aquifer to a sufficient degree to render the aquifer waters usable for
domestic purposes. While in many parts of the country construction of new wells to replace those that
have been contaminated by leachate is feas~le, in the more arid areas and ultimately everywhere this
approach cannot be followed since there is a finite amount of groundwater available that can be used for
domestic water supply purposes.

It is important to understand the difference between the pollution of domestic water supply
groundwaters by VOC’s, such as TCE, and by municipal landfill leachate. Wh~ it is relatively easy to
remove many of the VOC’s from contaminated groundwaters and produce a water that is considered
suitable for domestic consumption, it is extremely difficult if not impossible to treat a groundwater
contaminated by municipal landfill leachate to the degree necessary so that it would be considered
appropriate for domestic water supply use. Municipal landfill leachate contains a wide vadety of
contaminants which are highly difficult to remove. Further, because of the large amounts of
uncharacterized~ unknown, non-conventional contaminants in landfill leachate, using treated groundwaters
for domestic water supplies that have been contaminated by municipal landfill leachate will always be a
threat to publio health since it will never be possible to be certain that the treatment has removed all
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Table 5
Concentration Ra nges for Components of Municipsl l.a dfill Le ch te

Parameter Concentration "Average"*
Range

BOD5 1,000 - 30,000 10,500
COD 1,000 - 50,000 15,000
TOC 700 - 10,000 3,500
Total volatile acids

(as acetic acid) 70 - 28,000 --
Total Kjeldah!

Nitrogen (as N) 10- 500 500
N~ate (as N) 0.1 - 10 4
Ammonia (as N) 100 - 400 300
Total Phosphate (PO4) 0.5- 50 30
Orthophosphate (PO4) 1 - 60 22
Total alkalinity (as CaCO~). 500 - 10,000 3600
Total hardness (as CaCO~) 500- 10,000 4200
Total solids 3,000 - 50,000 16,000
Total dissolved solids 1,000 - 20,000 11,000
Specific conductance 2,000 - 8,000 6,700
(umhos/cm)
pH 5 - 7.5 63
Calcium 100 - 3,000 1,000
Magnesium 30 - 500 700
Sodium 200- 1,500 700
Chloride 100 - 2,000 980
Sulfate 10 - 1,000 380
Chromium (total) 0.05- 1 0.9
Cadmium 0.001 - 0.1 0.05
Copper 0.02 - 1 0.5
Lead 0.1 - 1 0.5
Nickel 0.1 - 1 1.2
Iron 10 - 1,000 430
23nc 0~5 - 30 21
Methane gas 60%
C~:~on dioxide 40%

All values mg/i except as noted

After: Lee et al. (1986)
* From CH2M Hill based on 83 landfills (1989)

31
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hazardous chemicals.

Another consequence of contaminating groundwaters by municipal landfill leachate which is of
major significance to some water utilities is the loss of aquifer storage capacity as part of conjunctive use
of surface and groundwaters. Those parts of aquifers that have been contaminated by municipal landfill
leachate cannot be used for domestic water supply conjunctive use even though attempts are made to try
to flush out the residual contaminants in the aquifer. It is therefore apparent that domestic water supply
utilities .and, for that matter, individual homeowners who depend on groundwaters near a municipal landfill
must be highly concerned about the potential for groundwater contamination by landfill leachate.

Presented below is a suggested set of actions that municipal water agencies and water districts
should take to protect the quality of existing and potential groundwater water supply sources from landfill
contamination. _

1.     Determine if existing and previously closed sanitary landfills or other waste management units are
contaminating groundwaters.

Any groundwater contamination by municipal landfill leechate, independent of whether it causes
a drinking water standard to be exceeded, should be considered to be a serious threat to public health
and domestic water supply water quality. Generally, state water pollution control agencies are requiring
that all landfill owner/operators establish groundwater monitoring programs for active as well as closed
landfills. Water utilities should periodically review the state and/or local agency files to determine the
adequacy of the groundwater monitoring programs that have been established for the landfills located in
their aquifer recharge area. This should be done by an individual on the utility’s staff or a consultant who
is highly familiar with groundwater quality monitoring near landfilis.

It is the authors’ experience that typically the groundwater monitoring programs that are be’.~g
required by state agencies for existing, much less previously closed, landfilis are inadequate to define with
a high degree of certainty whether pollution of groundwater is occurring and the degree and extent of
pollution. It may be necessary for the utility to request and, if necessary, take legal action, to require that
the state and/or local agency responsible for groundwater quality protection will require that the
owner/operator of existing as well as previously closed landfills establish an adequate groundwater
monitoring program for each landfill that could contaminate the utility’s aquifer. It is suggested that the
groundwater monitoring programs be designed so that they would have at least a 95% probability of
detecting groundwater pollution by landfill leachate. As discussed by Lee and Jones (1991), this will require
a much more extensive groundwater monitoring program than is typically being developed today for

2.     If contamination of an aquifer that is or could be used for domestic water supply purposes has
occurred, require that the owner/operator of the landfill define the areal extent and degree of groundwater
contamination by the landfill.

The determination of the extent and degree of groundwater contamination by a landfill will require
that an extensive set of monitoring wells, typically nested to sample water at various depths at various
locations, be used. These wells should be sampled at no less than quarterly intervals over one year to
define the degree and extent of contamination that has occurred. Normally, such a sampling program has
to be conducted in phases where at the end of the Fu~t phase, when it becomes clear that insufficient
information is available to fully define the extent and degree of contamination, that additional monitoring
wells will have to be constructed and sampled.
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3.     Require that the ~ill owner/operator initiate comprehensive groundwater qua~’~y remediation
programs to try to remove all contamination from the groundwater and the aquifer.

Work on remediation of Superfund sites is now showing that groundwater remediation from simple
contamination, such as from VOC’s, is difficult to achieve. It is clear now that typically it will take many tens
of years of continuous pumping of the contaminated water in order to stop the spread of the contamination
and to reduce the degree of contamination to the maximum extent possible. It is becoming recognized
that for some types of contaminants it may not be possible to achieve background concentrations. The
owner/operator of the landfill, however, should be required to aggressively pursue a remediation program
to achieve background concentrations of contaminants to the maximum extent possible.

4.     If the owner/operator of an active landfill cannot prevent further contamination from the landfill, the
owner/operatorshould stop accepting wastes and close the landfill If closure does not stop groundwater
contamination, require that the waste be exhumed and properly treated, and the residues be deposited at
a suitable location where groundwater pollution will not occur.

It has become clear that in many instances the only way to truly protect a domestic groundwater
supply from municipal landfill leachate contamination is to exhume the wastes. This w~ be especially true
for those landfills that are located in areas where moisture can enter the landfill from groundwaters. In
situations where the only source of moisture for leachate generation is through the cap, it may be possible
to stop further groundwater pollution by leachme generated in the landfill by construction of a cap thin will,
in fact, prevent moisture from entedng the landfill It is important to note that the typical landfill caps that
are being constructed today are inadequate to prevent leachate generation within the landfill and will not
achieve this objective. Further, the owner/operator of a landfill that is capped as a means of attempting
to prevent groundwater contamination must be required to maintain the cap for as long as the wastes are
present (forever) in order to prevent moisture from entedng the landfilL It is felt that any owner/operator
that fails to provide this type of maintenance of the cap must be required to exhume the wastes.

5.    For all landfills that could effect a domestic groundwater supply, the water utility should require that
all groundwater quality monitoring data on the landfill be sent to the utility for the utllity’s review and
comment at the time that it is submitted by the landfiJl owner/operator to the regulatory agencies.

For existing as well as closed landfills, water utilities should take a pro-active approach to
groundwater quality protection where they have specific staff members or consultants who will review all
routine groundwater monitoring data as it is submitted to the agency by the owner/operator of the landfill.
The authors have seen situations where the regulatory agency personnel do not have time or do not
appreciate the signifloance of the potential damage that municipal landfill leachate can cause to a
groundwater based domestic water supply. They also may not understand the importance of detecting
leakage from a landfill at the eadiest possible time. It is therefore imperative that the water utEities conduct
their own independent data review of the groundwater quality monitoring program at all active as well as
closed landfills that could contaminate the aquifer.

6.     Water utilities should require that all owners/operators of landfills that could impact existing or
potential domestic water supplies maintain the leachate removal system, the groundwater monitoring
system, the landfill cap, and all groundwater diversion systems FOREVER.

Water utilities should review the financial assurance instruments that are submitted by,
owners/operators of landfills that are designed to provide for post-closure monitoring and maintenance of
the landfill At this time, in some states, no financial assurance is required for municipal landfill post-closure
operations. In others, such as California, the financial instruments used by owners/operators of landfills are
grossly inadequate to provide the amount of funds necessary to provide for required post-closure care
activities that will prevent the landfill from polluting groundwaters at any time in the future. Water utilities
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should aggressively work toward requiring that the owner/operator of the ~ and the regulatory
agencies establish a trust fund that will ensure that adequatefunds are available to carry out these activities
FOREVER.

For active landfills, the trust fund can be developed from disposal fees. For previously closed
municipal landfills that could contaminate a domestic water supply, the utilities should work through the
state and local agencies and, if necessary, the courts to require the principle responsible parties who
owned/operated the landfill, as well as the public that contributed waste to the landfill, to develop a trust
fund of sufficient magnitude to ensure that the landfill will be properly closed and maintained FOREVER.
The magnitude of the trust fund should be sufficient to cover not only the post-closure monitoring and
maintenance but also the costs to exhume the wastes, properly treat them, and rebury the non-recyclable,
non-reusable residues at an appropriate location that will not contaminate groundwaters in the future.

7.    Water utilities should aggressively pursue developing approaches for the management of solid
waste in their groundwater supply watersheds that will minimize the potential for groundwater quality
problems at any time in the future. They should oppose the ’dry tomb’ approach for municipal solid waste
management in areas where domestic water supplies could be contaminated because of the high
probability that that approach will ultimately lead to groundwater contamination.

It is suggested thet it would be appropriate for water utilities to require that the owner/operator of
existing as well as proposed landfills provide a detailed discussion of the plausible worst case scenarios
that could occur at the landfill that could lead to groundwater pollution. The reports made by consulting
firms working on behalf of governmental agencies and/or landfill owners/operators in the environmental
impact statements (EIS’s) or in California environmental impact reports (EIR’s) typically do not properly
assess the potential for groundwater pollution by landfills. During the past couple of years the authors have
frequently observed consulting firms working on behalf of the applicant for a landfill make such statements
as ’since the landfill is lined, there can be no water pollution." Another example is that "any leakage of
leachate from the landfill will be detected by the groundwater monitoring system. Once detected,
remediation programs will be initiated which will clean up the groundwaters." Such statements are not an
appropriate assessment of the current understanding of the ability of landfill liners to prevent groundwater
pollution and groundwater monitoring systems to detect it once it has occurred. Further, as discussed
above, it is not poss~le to completely clean up an aquifer contaminated by municipal landfill leachate.

As part of evaluating the worst case scenario(s) for groundwater pollution by a landfill, the
owner/operator of a landfill should be required to provide detailed discussion of how they will prevent
groundwater pollution at a particular landfill based on worst case scenario conditions. They should also
provide detailed discussions with associated cost estimates of what remediatlon steps they w~l take to
remediate the grounclwaters that are polluted by landfiltleachate. The worst case scenario should consider
that the proposed groundwater monitoring program will fail to detect groundwater pollution. It should be
assumed that a pollution plume has occurred for considerable distances downgradient where it is detected
in production wells used for domestic water supply or other purposes.

One of the best weys for water utilities to protect their groundwater supplies from pollution by new
landfills is to develop a highly aggressive program of work toward developing aitemative methods of
managing municipal solid and Industrial wastes so that they are not buried in ’dry tombs" where they can
ultimately pollute groundwater. It is clear that the "dry tomb" approach is not a viable approach for
municipal solid waste management in most parts of the US. Alternative approaches are available. While
initially more expensive compared to what the public has become used to paying for municipal solid waste
disposal, in the long-term they will be less expensive and provide for true long-term groundwater quality
protection. For additionalinformation on the potential significance of pollution of groundwaters by municipal
landfill leachate, consult Lee and Jones (1984b, 1991).
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While the focus of this groundwater quality protection program is municipal landfills, similar kinds
of programs should be directed toward all waste management units, such as wastewater lagoons, as well
as agricultural uses of chemicals. Further, utilities with groundwater supplies near saline waters, such as
along the coast, should be determining whether saltwater intrusion is occurring to a signifioant extent that
could ultimately pollute the groundwaters of the region.

It is the experience of the authors that inadequate attention is being given to the potential for
groundwater contamination by chemicals in surface waters that are deh’berately recharged or that naturally
recharge aquifers. Water utilities should be conducting intensive monitoring programs of allrecharged
waters to ensure that such waters do not contain contaminants that will pollute the aquifer.

Conclusions

It is evident that there are a number of ways in which municipal water agencies-utilities and
regulatory agencies can improve domestic water supply raw water quality by implementing pollutant control
programs at the source. It is well known that eutrophication related water quality problems are controllable
through the use of algicides, such as copper sulfate, or through reductions in the amount of aquatic plant
nutrients, especially phosphorus, entering a like or reservoir.

Municipal water utilities should be evaluating the activities that take pl~ce in the domestic water
supply watershed that could be adverse to their raw water quality. In addition to problems associated with
algal growth and the limitation of phosphorus inputs to lakes and reservoirs, water utility watershed activity,
concern should be focused on evaluating potential sources of all chemicals and microbial contamination
that could cause water supply water quality problems. While water utilities have a long history of
aggressively pursuing the control of industrially and agriculturally derived contaminants, such as phenols,
toxic chemicals, pesticides, etc., in general, water utilities have not been sufficiently aggressive in controlling
nutrients that lead to excessive fertilization related water supply water quality problems.

W’~h increased attention being given to control of THM’s in treated waters, emphasis should be
placed on understanding the sources of organic THM precursors. A significant effort should be made to
develop THM precursor land use export coefficients. Each water util’~y should determine the dominant
sources of THM precursors in its watershed and evaluate on a site-specific basis the potential for control
of the most significant sources. THM precursor control programs should be initiated in those situations
where the collective development of such a control program would re.suit in a significant lowering of the
THM’s produced upon disinfection of the water supply.

Those water ut=T~ies that have significant sources of bromide within their watershed should
aggressively pursue controlling the bromide at its source in order to prevent, or at least minimize,
brominated THM formation.

Water util’~ies utilizing groundwaters as all or part of their supply, at this time or potentially in the
future, should adopt a highly pro-active program of groundwater quality protection from municipal and
industrial landfills, waste treatment ligoons, agricultural chemical use, subdivisions employing septic tank
wastewater disposal systems, etc. Included within this program should be a careful monito~x~g of the
quality of all waters that are recharged to groundwater as part of a conjunctive use program as well as
recharge that occurs naturally. This program should be designed to prevent further groundwater pollution
which would not only destroy the use of grounciwaters for domestic purposes, but would also impair the
use of the aquifer for conjunctive use storage.

¯ Municipal water utilities and agencies that use the Sacramento-San Joaquin River Delta as a water
supply source should investigate the potential benefits of the control of phosphorus in domestic wastewater
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sources discharged to tributaries of the Delta. It has been found that during the summer months, domestic
wastewater sources are the primary source of phosphorus for the Delta system. Phosphorus control from
these sources with readily available, widely practiced technology could result in a signit’~,ant reduction of
algal growth within the Delta and in down-Delta resen~irs as well as in the aqueduct system. Such,.
reduced growth could significantly reduce the algal related taste and odor problems as well as algal derived
THM precursors.

The algal related taste and odor problems that have begun to occur in Lake Tahoe appear to be
related to increased planktonic algal growth in the open waters of the lake and especially increased
periphyton (attached algal) growth in the nearshore waters. These increased growths are related to
increased nitrogen input to the lake from atmospheric sources and nitrogen and phosphorus input to the
nearshore waters of the lake due to groundwater transport of fertilizers used for lawn and shrubber~
fertilization. IrJ order to reduce the frequency and severity of algal related domestic water supply water
quality problems in Lake Tahoe, it will be necessary to significantly curtail the use of automobiles and other
vehicles powered by internal combustion engines in the Lake Tahoe watershed and to ban the use of lawn
fertilizers and lawns within the lake’s watershed.
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